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PREFACE 


This student's solution manual contains detailed solutions for 
334 of the 1016 Exercises and 207 of the 622 Problems in the 7*h 
edition of University Physics. The Exercises and Problems included 
Мете were selected solely from the odd-numbered Exercises and 
Problems in the text, Lx which the answers are tabulated in tke 
back of She textbook. The Exercises and Problems to be included 
were wok selected aX vandom, but vather have been carefully selected 
So as Xo melude at least one representative example of ead хорем 

е, This Solution manual p expands the set of worked- out 
exawg\e s vat до along with the presentation of the hysies laws and 
concepts in Хе text. The remaining 692 Exercises bul 415 Problems 
нине ae an Ample set of problems {ос the students to tackle on 
their own. In addition, there are 172 Challenge Problems, for which 
мо Solutions are given here, 


This solution manual is written for student use. A primar 
Function of yhe manual is Хо provide the student with models to 
$oWow in working hysics proble ms, The problems are worked out in 
The manual in the manner and style in which the students should 
carey out their own problem solutions. 


The author will grate Cully сесе\че Comments as to style, points 
of physics, errocs, O< ому thing else relating +o the manual. 


Texas A and M University A.L.F 
CoWeae Srotton у TX 17843 
December, 1186 
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CHAPTER | 
Exercises 3,5,4, 11,14, 33,1. 5,14, 31,53, 37, 41,43 
Problems 45,47, 49 


Exercises 


v3 | Ж 
0) \450 м. - Мг! = (1450 mice’) с) co = 0.003 migri 


. . 3 
b) 0.403 i-e" e (0. 403a s ЫШ C) = eig vest 


iei lO \ lin \3 
д.0 = ОНЕ) (Б) = 143 in? 
Bur the answer should be expressed as 120 in? to show only two 
Sig nificant Figures, Since 20L has only two Significant figures. 

1-3 


\ I 
a) vua хо cycles- s^! => Tuaxioteycles-s-! = 1.04 X10 Ps for | cycle 
b) (WHAxt04 cycles.s) (29502) = 5.\\x10'* cycles he"! 


c) First calculate he number of cycles in one year: 


veio egets oe") (AEE) (25 = 4,4g X10 P cycles- yr `! 


10 billion years = (0^ v. so the number of cycles in this time is 
(4.49 x10!")(10!°) cycles = 4.48 XIo** cycles 


д) \ second error in i0 yr q 
4600 million years = 4.60K10 yr 


The error thus would be es (4. 60X10 yr) = u. ¿ox s secos )- 12.9 hr 


Az. 1 7 
TXIO s = 2.192 XI0 5 


Actually, lyr = l ata эл ber )( 26008 ) = 3.151075, 


. . 1 - ч 
The fyackional error is thus SACHS E 0.0038 , or 0.39% 


| 


\-\% 
T estimate ak my scalp's area is about that of a \2-in diameter circle. 
14 м = (ain) (Aster) = 30cm = 300mm 
| 4 
The estimated area is thus А=т С^ with Y= X = |60 vam : 
А = т (I50mm)* = 7x10 mm? 
T further estimate that on my scalp there are 5 hairs per mm? 


The number of hairs on w head is Тис estimated to be about 
(Stairs + ww 2) (7X10 mm3) = 3.5X105 hairs, or about 350,000 hairs, 


This Vequire s several estimates, and T can only hope Lo make plausible ones. 


L will rake the speed of yhe cars to be 5Owi-W^, Then a 50 мі long 
String ok cars Traveling in each \ane will pass Through in one hour. 


X further estimate that the length of a cac 15 JAF and that there is 
a 5 car \ength gap behind gach car. Thus eath car plus its gap 
occupies about 12 &X. 


The number of cars Traveling iw one lane Xhat passes through in one 
hour is (so 4) $1430 C ) 
72. £X- саг! 


Since w is 0 two-lane tunnel the total number of Cars that pass 
through iw one hour Is 1900 cars . 


= 3700 Cars. 


1-26 
Tn each case K will give 0. sketch hat shows he divections of 
ne X and y components dnd of the resultant vector. 


N= /№ thy = (3.0 cw) (4.0 см)” = 5,0 см 


Land = Ge 7433-9 ф = 53.1° 

Ө = 360° d = 307° where this angle is 
measured Counter clockwise Erom yhe 
positive X-axis. 


A = (6.0) х (12.0м]^ = 13,0 


12.0“ 
tonb = -Zom ^ Z4 ue $ = 674° 


Ө=| 0 °+ф»= 2475 measured counterclockwise 


Leom Xhe positive X- AXis. 


N =|(2.0%m)* x (30ww) = 3.6 km 


Km o 
Land = Укы = 0,072» ф 233.1 


0 = 40'« $ = 129 ү measured counterclockwise 
Crom the positive x-axis. 


By =Bc0s37° = (20m)(0.199) = 16.0 m. 
By = Bsin37°= (20m) (0.602) = 12.0 m 


(Note chat both By and By ave positive.) 


Ry -— А = -7.0 YA | 
(А, \5 negative since Ñ is in the negative x-direction.) 


A, =0 
a) We can use the above components ot Ñ and 8 хо Find the components 
oF Xe vector C that is the sum of Now BS C- At 8. 


Thus Cy = Ay + By =-7.0m 16.0% = 4.0m 
Cy = Ay + By = O+\2.0m = 124.0m 


С = [скс meos e (nos = 15.0 


ton = BGG 71.33 2» 07 53.1", 


measured counterclockwise from the 
positive X axis. 


\ -29 ( cont) m — th 
v) ИШ D=aA-B | then Dx = Ax - By and Dy = Ay - y. 


Dy = -10m ~|6-Om = -23,0 m 


Dy = O-là.0m = -12.0 m 
D = JOD) = [Casos] + (44.09) = 25. Im 
.O 
(2.0m tan ф = T T 0.512. 2» ф =27.6° 


Thus Ө=|%0°+ф = 208% measured counterclockwise 
from yhe X-axis, 


1-31 — —» —» —» —» — —» 
Let R be the resultant; Rz МЕМ = N= R-M 
a) Rx = Rens $3. =(5,0em)(0.60) = 2.0 c. 
Ry = Asin 631° = (5.0 ом) (0.60) = Оси 


Mx = Moos 36.9° = (5,0 (0,80) = 40cm 
My = Msin36.9°= ($.0cm)(0-60) = 3.0 cm 


=> №, =R -My = 3,0см – 40cm = - 1.0 см. 
Ny = RY - My = Ц.О cw -3.0cem = 41.0 em 


N= | NP = [Coca (e^ = tlem 


0c 
Хом ф = a =|.0 => ф = us? 


9 = 40°+$ = 134°, measured counterclockwise From 
yhe positive X-axis. 


1-33 
A) N = |N А; = dirag" = 3.61 
B= Byter = 12 (t = 2.24 
) C- A+B ‚ C= (ан)? + (3-а) y 
> i sas 
C= Зе) 


Жү Lan 9 = 5 70.333 


B= TrsT 
© = [0 tD 


Use We method of Example \- 5. 
KB = AB s8 Beso = AxBy + Ay By 
А.В = Ax By + Ay By cosh = EE Š 


2 -AUx 57 => А = ЈА + À - TN FM = 5,39 


А 
B= 3t-J > ве By = /з®+(-Ї* = 3.16 
=> 


(AG) +06) (-0 _ _ EM wm = = i 
cosp = (5.34)(3. 1€) —  ($.34)( 3.16) ыы 9 130 
k-22t-52; B=St +27 
Re B= (als) «(-5)0) 20. 
= C = T s D 
— — m" - “$ кт a , LXL J% 5 adi — 
ХХВ = (27-57) х(50+2)) j k eE з yxce-K 
Thas АХВ = k bh eee 
k -k о 


—» 


АХВ = 19% 


bl) М=лс-5ү у ®=42-оу 
Ae B= (ач) + (9-10) = 58 
Š iy 


= GC -5y) x (47-107) = VOX -107х) -30 TXÜ + SOP KT 


— — 
K AG = -20кхлъок = O 


= = =» — 
Noe. @ = А, Thus А and B ave parallel, and we Know From 
xis that reir cross product is Bevo. 


= > 002 

a) L ) А 
= _. hx Ay N+ 

= By By B 


Expand re determinant by the first vow: 
— t k Ay Az Ay M. |> № А > 
RRL IS SESE le 

° Ë T3 By Ba |^ [Be Bal! Y |% %v 1“ 
C= (Ay $5 - A, S.T -( А, Ba -А, $.)y x (А, By -Ay By) kK 
C= (Ay Be -A BC + (Re Bx -Ax BENT c (Ay 9 - Ay Bx) K 
Comparing Х\ +o C = Cal + Cy J + tk imolies 

Cy =AyBa-AgBy у Су NS ASI, Сә = А, By —AyBx у which is eq (1-24). 
b) First compute UN TAN in perms of components: 

RAG = (A,8, -At 8j) ССА By - А6 у + (Ay By -Ay Bx) K 
Thus (АХВ): e = (Ay 8, - A. 9G + (А Bx “Ax Be Gy + (A, By -Ày 8)C, " 


Now show What Ais equals Ke determinanti 
Expand Mae Aekerminant along re 3rd vow: 


ч N в r ^ М С К М " la i 
— = X 
5 б Б "iS, Bel TS Baf [с G 


= ty (Ay 6z -Aeby) -Cy (N 9,7, Bx) x Cz ө; Cy - By Cy) 


= (N Be- Aa By) C, + (Ne By -Ar Be) Cy + (By Cy -By x) С, 
which does equal what we got for (AxB). 


Use б. coordinate System where east is in the +X-direction and north is 
va ke y-direction. 


Lek D le Ме unknown "iW displace ment, 


Then he resultant Msolacement 15 R= Ñ+ 
We enis up back where he started, Q =O. 


md 


0- Ar 


> a yi 
RBict+DdD. And since 
Br Crd = у= -(R4 +C); D = - (A *Bx € Cy) 


y= 100 м 

Ay = 0 

Ú, = -(50w)sin30 = - 45 м 
By = х (60м) cos30" = 43, 3m 


Cy= -(\S0m) sin4s?= – | 06m 


Cy = - (150m) cos 45° = - [06v 


Dy = - (Ay +B ty) = - (100€ -25 m-loem) = +3[m 


Dy = - (Ay+ By + Cy) = - (0443.3m -l06w) = +63 m 
(NY Y 


D „Де toy > [з х (63m)? = 70m 

: ta b= Туш = 0.442. = ф = 26.2 

(€) A" Gam = = 

(s) The direction of Dd is 26.2° E of N 
(0v, equivalently | оз. N of Е.) 


Ler XXe vectors Fa ond Y, be the 
Position vectors for Q and Q, ; r4 And 
x, 99 C vow Хе origin Fo P, and au. 


Then X = XU y] 
= се 


From Whe sketch | Ya Y, NI => К = (4 - v 


—> 


А = (а) (С) = б-т) 
Comparing Ms €x pression Xo A= TR А; gives 
Ky = X7 Ay and Ns = у-ү, AS was to be shown, 
Magnitude of N 


М/А = (ках tO) 


Direction of Ñ ` 


Y= 7 Yi А 
= tan"! ux | where Ө is measured 


counterclockwise From the X-axis. 


\-ча » 
a) Choose Ме x-axis Ao be i the direction of А ; AKU makes the 
analysis much Simpler, 


Ay= А, Ау = 0 

Bx = 5059, By = BsinO 
> => > 
C=A*+B 


Cy = Neg = А+ Bosse 
Cy = Ay + By = B sin 


Сож = (Basir (Bsine)® = ГАЛАВ cos 9 + 920610  B^sin*0 


C= [avem cos0 + B? (sint t cos*) 
Bur SiwtD + cos*Q =l > C= Ly &ANB созд € B^ | as was w be shown, 


A Lek BHA l Ae €x pression derived ¿la (a) 


> (= [ЧҮС Aò = ILAC соз 6) = À [а Cle соз) 


MA Coons) 
Се А = Jall+cose) =| 


Aa(Wxcos0) =| 2 1x cos9 =+ > cos0- -4 
This occurs for B= 120° or 240°. 


А, - B, = Ñ -6cosO 
Ay - В, = — Вѕид 


Ds By YD; = T cos6)- t (- B 0)“ - [А - 3 N6cos04 B^ cos? + 8* sin2O 
D 


= |= AAB е8 + В? ( sin*@ + cos20) 
pO 
= | 


=> D= [MN -2 R8 cos + 82 
i) B=- A> D = JAt-2 А eso eh = A | a. (1- cos 8) 
D=A = a(l-cos0) = | 


cos Ded ] this Occurs toc 0 = 60° or 300° 


ү i 1 
Q ; ВЫ 300° N ү 
* 60°) 
B 


CHAPTER 2 
Exercises 3,5, 7, 13,1514, 21, 23, 11, 44, 31 


Problems 37, 34, 41, 45, 47, 49 


Exercises 

4-3 
X= ak + bt” 
Noy = DX - X4 - X 


k,-0, kazis 
at 120, х, = 0 
РА К - 1. 1 
ot Ky =15, X4 = (8 см: 5 Ls) e l- Senza )(1s) = Yom - tm = Sem 


= Sem-9O. _ P" 
Nav [gp “бе 


k,-0, k1- Us 


at Kk. ë Us, in (85-1) (ч) (0-3: 2) (ч) = 32 см – Че см = - 16 em 


us- = - 4.0 cw. $"! 
4-5 
х= bt 
= Akh = 
= + a bk 


At Xk-s3s, N= 2(lOcm-s-4)( 358) = 60cm s! 


This May also be calculated USing Ae. equivalent expression ме im Ж a 
Let t=3s, X32 3st ht > А.-А, = Dt, 
X,=bt* = (10 см: s?) (35) = 40 c 
YA = OEE = (00cm s) (35+ St)" = Яосм + (60 cs) NX + (10cm s) (S)? 
= X4-X, = Wem (60cm s) УК 4-CLO ow 3) (Ak) 9рет = (GOcms~) at E CIOcm-57) (nt) * 


2. 
№ = 0; (GOcm:s~') а ‚= $72) (NA) |= Qi РЕ РЕ" 
sim | ә!) els Jim [60cm + (locms) B+ | 


N = (GO cms! UA agreement with We above. 


| 0 


2-1 P 
a) Qay “МЕ 


Jime interval bu б, 
07175 ie) О 
Ls? us dso! 1.0 we s7* 
us-6s 3w. $7! 1.6 ws7* 
65-85 S ww $7! 4.5 m $73 
$; 105 5 wg" 4.$ w. 572 
10 5 125 r 225$ m$? 
125 — |45 КҮ ы, \.0 ул.57®^ 
rs > Ibs О 0 


A VS мох constant over he entire O to |65 interval. T+ rs 
constant Erom bs to (25. 


yy t----------- 
m:s7! | 


7. 4 6 q l IX Г 16 Ё, s 


TT Wave sketched о. smooth curve through the pointy, 


s(k=10s) - v (A= 69 
Kx X= s the graph is a Straight line. The slope E SUD сү cen 2 


` = — ` - 
Sens = Sens = 2.5 м5, Тк: at k= &s, (= À, $ м ЖЫ 
At k=13s L have sketched an approximate tangent lo the curve. The slope 


š . ` ec ТРЕЕ PL. 
ot his Tangent line is ама = 1.3 m-s}, Thus at X7 |35, &z [Sms 


(This 1S Aw Approximate Calculation, the actual value you get Can Vary some what 
depending on how you Araw Whe smooth curve i your eyeball estimate of the 


| | 


"I ( Cont 
Tangent ho We curve.) 


Ar Xx-1l5s Xe graph is a horitzontal Эга line, with zew slope. Hence 
at X7 155, azo. 


2-13 
Toke the direction in which the сас is moving Ҷо be positive, 
А Mo i The desired equation {5 one that contains no a. We can 
= {5 ms! obtain Such an equation by combining the two egs. 
WA е küm N= Vor AK and X-X КЪУ АКА 
= Ge ^ 
A= Мока => a= Y 


Use this in the other eq. to replace a 
= X-Xy = VX + + (5%) x? 


х-к Wa +A VA -L yk = (УЕ) 
Not V 
X~Xo = ыле: 
We can hereafter use is ер. AS A Fourth constant acceleration e$ 


; V 
Note hat by comparison Ao X-X, = Vay К, we have Nay OTT) {ое 
Motion wilh constant acceleration. 
Now back Xo the problem : 
оз, = (HAL) 
a Ç Ora 
Solve or v, > М = EM -vV = aleom) _ [Swa $"! = A0w s! – 15.51 = 5.5! 


y a=! 
-No _ | M E I T =l 
^A = Nw KK > А = V 5м PUE : = |. T mg? 
4-15 


à alk) is the slope of the Tangent by the V versus K curve. 
Ar &=35 yhe V versus t curve is a horizontal straight line = ¿= 0. 


№ X=]s the curve \5 Q Straight-line Segment with slope 


Ч 5$м-$-\ Oms 


45 - 55 = Glims, Thus (= 6.25 we. $7?, 


М-\5 cony) i 
At k=\\s the curve \$ again 0. straight- line Segment) now with slope 


O - Чем _ boh шла 
зс. TOLAR, Thus a=- AmS E 


v) For Ae interval ®=0 w t= 5s the acceleration (s constant and equal +o zero. 
Co« Khe interval X7 55 Хо +=95 Lhe acceleration 15 constant and € cal t0 6.15 wes 2 
For Ane wie Җ = +o k=\35 We acceleration \$ constant awd equal - le-Ame $74, 


During Khe First 5 seconds che acceleration is constant) 50 He 
Constant accelerarion Kinematic formulas can be used, 


No = 30 ms 0 

фы "ETT KE 

k = ^^ х-Ху = (4.0w.s )( 55) = 100m , this is We distance Khe 
X- Xo = 


ох сес travels in the first 5 seconds, 


During Dre inter va\ K< 55 tofs Ye acceleration Y: Again Constant, 
The constant acceleration formulas can be applied for this H Second 
wieevel, (Note that the acceleration is not constant for t=0 40 t= 4.5.) 
No = 20м: -! (at + = 5s) 


A= 6.25 M7 к-х = W£ + AA 

bw Ue X-Xy = (20:5 95) 4 [o 6.572) ( {д^ 
Ko = loom (at t= 5s) iut quer rau. чеш 

0 

y ME Thus X=X tl30wmw = A3Om, 


Mk k745 the officer 15 at X= 230M) $0 she kas tyaveled 230m in the first 
Q seconds, 


During Mae interval X7 s to £= 135 the acceleration is again 
constant. The constant acceleration formulas can be applied for Ais 
Ҷ second tw cval | but wot for he whole t=O to = 135 interval. 
No7 4S ms (at t= 45) 


1 х-ке» + hak 
(2 E ms 


Y-Xo = (YSmis (4s) t 5 (-1.3 ws) (4 s) 


= 4s 
А = 130m (at k=4ç) 1-0 = 1$0w = $4.6 = 40. tm 
о 
X- X= ? Thus X7 Xo * 104m = 310m. 


Mx k= 135 the officer is at K= 320m, so she has traveled 320 m 
iw he first 13 Seconds, 


S 


1-\4 | 
Q) The maximum speed occurs at She end of the intial acceleration period. 


(= \0м.57® 

k = lOmin = 6005 No No #0 

"T у= OX (tom: 572) (6005) = 6000 м: 57! 
^A, = 


©) The motion consists of three constant acceleration intervals, In the 
middle фасх o£ Ke Trip 6-0 and V = 6000w. $7, buk we сал+ directly 
Lind Lhe distance teaveled during this part of the trip because we dont 
Know the Sime, Tnstead, Gnd the distance traveled tn the First 
(a= 10м. s7?) part of he trip and in Vae last (a=- 10 ms-2) part of the 
trig, Subtract these distances from the total distance of u.0xioSkw 4o find 
the distance Traveled in the middle (a=0) part of the trip. 


first Segment 


0 

х-х» =? X-X, = WE + akt 

k= 10мм = 600$ " ^ 
he + lO a.s "> XX= X Coms?) (6005) = 1,8Xl0 m = 1. xip kw 
№ = Ü 

af = 6000 м.5-! 
third geg ment 

X-X% = Í К-х, = VE + hak" 

K = 10 ми = 6005 X-Yo = (6000m-s~')(600s) + 1⁄2 (10:52) (6005)* 

À = -l|Om-s X-X97 3.6X10 w Vq х10°м = [.%Х10°м = [.8X/07 Km 

М„= 6000m-s~! 

у= 0 


Therefore the distance traveled at constant speed \5 
HOX Km — Д (1.6 Х0?КмУ = 3,964 х0 Kw 


The Fraction tS 4.00 XI0 Km = 0. 441. 


c) Fial yhe time for the Const ant speed Segment: 
X-X, = 3,4641) Kw = 3.969 X19 m 


N = 6000 w.s-' 
й = 0 
$ . 3 : 
эж X-X = 3, 6 м = q ( Mi = В 
К = a = 3. Tet XI" — wr = 6.011076 ЧОЎ, 1.10 XIO min 


The Xota| time for the whole trip is thus 
lOmin + WOO wa + lOmin = laom, ov [8.7 hr. 


| H 


2-2L 
Q= (Lams) X - (0.1257)? j ot k-0, X20 and V=0. 


+ 
A) V-V = Ó ай 

\ 

Let t.=0 and Xa 2 any later time X. 
Ж 
N-N, = $ A dk = j, Í (awa $73)4 - (0-12 w.s-*)4* ] 4 
k н К, 

N- My = (Ves?) {ж Ак - (0.12 D k^ ax 
N- ^A, = (V. s73) (4k?) - (0.12м."4)(5 к?) < (0.6 ms-3)£ (0.04m: 5-4) 4-3 


%=0 => VA = (0.6ms-3)t* — (0.04 m.s) £3 


Now ‘hak Know VE) сам do the iwkeq va For X (+) : 
А-Х = r AK 
4 ^X = k, A 


Let kso and X4 be any later time £, 
+ _ = Й 2. T 
jw = j N dk = J [ (0.6ms 3) X (0.09.57 | at 
+ 
Кежа = (0.6%) S E A — (0.0 tms") (Ia 
K- = (Ob ms 3)(FE") - Cotes) (GE) = (0,2 573) 2 — [o laso) t 4 


№0 => (Ж) = (0.20573) £^ - (0,01 mes) 4 


AA _ | _ ду 
b) Ne Xe time X when vit) is maximum, “fe 20, ( Since = I | the 
мем Velocity 15 when a=0. For earlier times A is positive со y 
1$ still INCAS Ing. For later times À is negative and WV is decreasing.) 


Use his equation Хо solve for X at which WE) is maximum! 
А = P =) > (Ое) = (0.12m: s7") +^=0 
-3 
К ees = 10:05 
Now calculate V aX X 105, from the wit) calculated in part (a) ; 
N= (0.63) (10s) * — (0.04 m.s) (15)? 
U= COms-'— YOws-' = 20m-57! 


4-243 
a) Toke upward Xo be positive, Ke the maximum height V-0, So, taking 
Pre final position A» be at the maximum height and the initial positi on 
+o e just after the ball has left the Hrower's hand * 


0 
\~Yo = rm | MT = М raa бу-у; 
A= -4,$ м:57 


^ = 0 % = [-raly-y-) = |~2(-4.8ms-*)(20m = |4.9 «$7 


LUE 


0) Take upward +0 be positive, Xke initial time to be jast after the bal| 
S Xhrown у and Nhe Final time +o be when the ball retums to this 
initial position On its way back down. Then Y-Yo = 0. 


0 
\-Yo = 0 | > = МК x hak 
са о = Wk that? | 
ыж оо AN, 2014.8 м:5- 
kt k= S ST о оцу 


Alternatively, со\ culate Khe Хаме Xo go Vo ^o MAXIMUM height : 
\ = 0 (a max. height) 


^rz Vy p KK 
No = VA. м. 5-1 
= — Й T n = V-No = 0 = \4.% mS“ = 
я _ M S m X A = qd, gx $ * ud 2.02 5 


Then calculate de time to come from the maximum height back downs 
No = 0 («x Ç 0 
D - E d m V= WE + ЖАК" 


A= -4.$м.$7^ 4.Q -Yo) 3 (-1p 
к= 1 k ia cane 7 pro > фа 


^e total time in che air is then 4.025 + 24.04 = 404s. 


4-41 
Take upward +o be positive. 


к) Consider he motion from the initial point to Ss later: 


N^. = -\60 ft (hall is below its Starting point) Y-Yo = Mok ttak” 
Pi cat aq ts) ъ= Ge -yat 

£= =23% Ate S he I = -le0 

s = 4 — „= е -(-3144-5-®)(55) 


Му = - 32.80.5714 6085.571 = Ug fts! 


16 


3-31 
v) Consider the motion from the Starting point To the maximum height : 
ДА Lhe maximum height V=0, 


wag a VIENE 41.4 (ууз) 
Е ч ү» = У 0^- (4g £g) 
Ns 7 Ҷ9 {5-5-1 (From part (a)) (T 07 за) 
Y = Í! T š 
> + 36 £x 
e v-0 
д) a= К Хэ йа ) divection is downward . 
= 
e) v=! О М® = VÀ +ла(ү-ү,) 
Th” 
No = u$ fes Vei aaa) = * (48.57) “a(-3at4s-2)(-64F4) 
д = -32 C+. s Ar = t gO fh. 5-1 


Our physical sense tells us thet at this point the ball must be 
Traveling downward) 50 У= - #0 F+ sl, 


2,214 
" $180 H \ kc 
a) V = (0009767!) [ \ ыч toss ) = (467 fts 
ke \,% 
y= 0 
Ee 
- _N-% _ Meltf£rs-0 
V = Votok — A= ye = —— = BIS Ete 
b) 9= 32 ft.5-> 
A... 315 тр 
— 945 зау FASS 


c) XX 7 WÈ e xak* = X (05 6а) (1.85) = 132081 


А} We will calculate the acceleration, Assuming it +o be constant. 


61.95 
& 1 [52.90 
No = (озат) (REPEL Шс) = алт неч 
У = 0 
к=? 
— ү . -\ 
A= Mak a a2 ЖЧ. „белен баева 
a _ – 66180,57 
@ = 336050 = -40/1 = Q= -20.19 


| 7 


Pu cont 


TE We acceleration while the sled is stopping is constant the 


Acceleration is ом\ҹ 40.19. Bur if the acceleration is wot constant 
ix is ceckoiw 


ossible thar aX some point she instantaneous acelevation 
could be as large as 09. 


4-3 \ 
À Ving = Velocity of the man velative Xo the sidewalk 
Nee = 


velocity of We sidewalk relative 4o He earth 
mg = velocity of the man relative to the earth 
These velocities are related by Уле Vast Voce 


The man travels 150m velative Xo the earth) soit is Vme that we need 
for our Calculations. het dhe direction in dios yhe sidewalk (s 

moving be positive. 

Then “му = tams р = tl м! 
Nme = thms x Aw" = +2. 571 


0 
The velocitie X-X = № t yk 
а = 3 g^ € Velocities 
ie im “' = constant. RR NATL = ç 
ine " Ve Эм:5-! 0.5 


b) Since Xe man walk s with a speed greater {han that of the sidewalk, 
We must be going "upstream" against the motion 


of the sidewalk, 
«—VM | | 
NME ° Nse Lek the direction the man is walking be 
a positive. Vys х1м ) Vise = -| m-s-! 
uidi Vue = Vms Veg = #257-057 = tl me sol 
0 
X-%9 =150m х-х, = МЖ t sak 
Vo = Аг = \ mw $^! 
X-X 
a= 0 k = —A—Ó— 9 = som = |50s 
ket 


Problems. 


2-31 
a) А х=0 re auto and truck ave at the same position, The auto overtakes 
re keu means that after some Hime) call it Ж, yhe auto and truck will 
have unhergone the same displacement Bs 


+ruck 
Q=0 (constant Vr) k= Li. š a. 
AJ = = |Ov SA Му= О (starts from vest) 
к= т к = Т 
X-X = À X- Ao = д. 


se the equation X-X = Vy kk ak for each object. 
Comes") T = (tws YT 


сек À = Comes“) T - 
s x Ne 
autos = lQ s) T = 105 = 10 5 


Then A= Qomes) T = Cowes!) (10.5) = 100m 
(ос A= Alame AT’ = 5 (ams) (105)* = 100m) 


k) For Ме auto, у= V Ak = O+ (aws-?)(0s) = A0 ms"! 


Noke hat at this point Vae auto will be traveling Laster than the truck. 
Ae wotion in Wis problem is nicely illustrated by slotting X-X Versus K 


foc Poth objects) ow Ye same graph. 

The graph shows that for 4105 
the truck has traveled a greater 
distance han the auto, so 15 


Ahead, 


At k= 105 the displace ments 
охе Pre same j the +wo curves intersect, 
and the auto and Хис are 
alongside each other. 


Х- Xo 


The graph also shows that at t=105 
Khe velocity of the auto (slope of the tangent 

Хо Khe curve) is greater Vaan that of the Track, 
and khat foc X7l0s the auto gets further and 
Furdrer ahead of the truck. 


4-34 3 
dica W(t) = (Hus) Kk x (30e. 


We are Jiven 
To calculate alk) we take the time derivative: 

Ô = ak 
Since B- (cen) = си", ac Uw $7 + (qug) - 
To calculate К we inte grate : 

Ka- X= | ^ ar de 

Ay 
Take 20 t =t, We are told thet X,=0. 
k $ 
= W = f. dk = f, (dws) t+ (3.579) x3] At- 
£ + 
х = (wes) f FAE + (зе es) k'ar mee) (Ik) e (Sms) (HEY) 


(We Wave used that its Mk = ae К“, 


Thus X7 (Aw $73) ^ t (2 ms- tt , 


-Ul 
à x= Ал» 


v= ax = Ip sina f) = \ dg (sinut) = Ко coswt 
v a= Ay- - (Ао ces wk) = Қо f- wswt = -Åwtsinwt 


A TX is easier o relate sintwt avd Wstwt than to relate 
ond Cos wk, So start with x*zA*sintwt and t= Д2 оао 
2, 
K^ 


Sin wt 


Sintwk X ws*wk =| 2» wstwt = l-sindwt = | 
1. 
Thus vt = Awt (\- А) = w* (N -x*) 
"Eu om 2. ‘ - L y2 
= 3 [S X j dw! о [А X 
This s largest when X=0 and Smallest when x= £ 5. 


j а=-А Q^ sin uk = -w* (А sinwt) 
Bur Lhe quantity im parenthesis is just X, 50 д=- юх. \а\ = wlx| 


This Is largest when X=EA ond Smallest when x= 0. 


2.0 


1-4 ( cont) 
Nore Mut A 15 max when N70 (at x= =A) and that V ($ max 
when 020 (ak х=0). 
e) X= Ñ змо. The maximum value of Sinut is L > Хула = Д, 
ç) W = т (Q re = wax = to AÁ 


a) ф=-^х = qua = b tat ñ 


N K(k) = &sineX n (X) = Awos wt 


wA 


c 18. 
A) Use Ме information given about Хе motion of the fies} ball. 


& 
"i Let We Jivection down he incline be positive. 


о 
No = 0 (veleased from rest) кожо = VeÉ tak? 
ph in 05-х) _ AUZ) 
X = 3s A = EIS = eee = U уд: 5-2 
a=! же 


b) Keep We same positive direction as in (a): 
For he second balls 


5 | 


2-45 (onr) 


(= ws 
ka Be Second ball 15 back at starting 
KX =0 point after 3s, 
No = 
. 24 


0 
Y, = Vk +A aK > V, = - АЖ = - + (4.572) (3.5) = -6m-s7! 
(the minus sign Means te direction of W is up rhe inclines 


ð Let's wow lek up We incline he positive, since Кесе all the 
motion ($ (м Х\ ах direction, 


№ We pomt where the ball has gone as far u? the incline as CF is 
о“ Xo 90 \ = 0. 


Thus: á 
лу = 0 A = Vo ^4 (X-X») 
d= -4we$S7* (down the incline ) idem gi a _ 0% (be s) 
No-t Ым! $7! lug Pre incline ) E m A (-H ws?) 
X-Xo = ? X -Xy = 4.5m 
Take downwarh Хо be Positive, since all motion here ts AOwnward. 
For the fist marble take Yo=0) so for the second marble yo? 5.0 м. 
After time kT the first marble is at у=4. 
After time t=T- 1.05 the second marble is at y= 4, We want 01-4, =1.5м 
First marble Second marble 
Yo =p Yo = 5m 
ү = 4, y= 4 " 
À = + 4,9w $77 ( downwacd) A = + 3.Sw:S 
k= E + = V< kO 5 
0 о š 
Vy WE that? \-\ = WE + ak 
By = Alms) T? 


ha-m = 4 (4.4%: 72)(т- 13)“ 
ba = Sm +45 (9. #6 °®)(Т- 18) 2 
SowXvack Lae second equation from the First 
= 041-43 = 44 ws i -6m - 4.4ms-* (T? -(45)T + ie) 
A-Aa = (4.961) T -HAw- 5v = (4 n57)T - 4.4 
We want T such that бу-бу 7 15% 


$m + 9.4 
\5м =(4.8ms")T-44m = T= EBERT TM = ASis (after Crest 
marble 13 dropped) 


2. 1. 


ңа | 
a) L+ is very convenient Xo work in coordinates attached to the truck. 


Note thot Mese coordinates move at constant Velocity velative 4o the 
orth. In XWese coordinates the truck is at rest, and Khe initial velocity 
of He cov is \„®0, Also, the car's acceleration in these coordinates 
1$ Khe same as in coordinates Fixed to the earth. 


Fins) \er's calculate ow {ох Ae Car must +çavel relative +o We truck: 


— бм — 20m —> — Sw — 


а f Rm — | мык 115 — |n 
n" 


€— O )5 м + 20% + 25 ^ X SM = 15m —— 


0 
A = 0.5.57 X-X,2 WK tak” 
Vo = 0 4. (X - Xo) m 
ye We jm SE = 11.3 
t=! | 


b) Need Wow far he car ravels velative to He earth, so go now +o 
coordinates Fixed in the earth. In these coordinates Vo = 20м 5! 


V, = 20.5“! Key = Vk ca ka : 
À = 0.5 w. 57^ X-X, = (20%:5-')(17.3 5) $ (0.5 7:572) (17.3 5) 
dc + X-X, = SYbmt 15m = 421 м 

ne 1 a 


c) Again) im coordinates Fixed to the earth: 


u.s ips A= Vo tA = Ows x(0.5m. s-*)(17.2.5) 
A = б.а \ 

< = 17.3 s у = ($,6w:$7 

y=? 


4 3 


CHAPTER 3 
Exercises |, 5,4, Il) 15,17, 19 
Problems 23 27, 29, 31, 33 


Exercises 


3-\ 
à) X&) = am - (wes) Җ ; ү(%= [B ga k= 


OX 
y= Ye res - А 
à a => N (k) =(- м5) t(Lemsa]t)T 
Ny= SL = (Coms?) к 
AN 
dy = fe =0, Since Ny 15 constant 
-> 
= i = G w$" 2. => A (3 = (6 w$ AP 
b 423s > Wz-tesc Vy = 18м. 


Vial Ep = JC) t (емес) = 184 mes | 


— 
tong = er 0.242 => $= las" 


Thus 0-7 40° = 102.5", measured 
counterclockwise from the +Х-АКЇ$, 


=6m-s~* m Q is w te 
а. 9 à = direction 4 
0 = 40° measured 
counter clockwise 
Leom khe tX- AXIS. 


1ч 


3-5 X) 
\- comp => y-y, = Wyk Ду 
= 0 £4 (4. 8:572)(0.5 5 = 2am (height of table) 
b) X - Cow > X-Xo = Vox * + sate? 
X-Xo = (Чм. 5-1) (0.55) = 2.00m 
©) X-comp => Vx = Vox + ORK = Vy =4ms7 


ү comp = Vy = Voy tat = OF (43 ms?) (00.55) = 9.5! 


f x Хоу 314 mes“ | l й kakapi 
X | 


A. 


53° | 
Nox = 14 es 
a) Ax Ye ХО height Vy = 0. 
\\$е she y- comp of Khe motion: 


" L art 
b eed m Vy = Voy x X04 (y-y,) 
petrae Еу 
TELDI ie ag a ie Sin 
к ^ * 
v) к=" Ww, А, 
_ NN7 "wy — 20- 3 qa s l _ 
Vy = Voy rk 6 K = а "saa = “q. fms ~ 3.16 5 
с) y- Comp 
No = Afm Tola - Voy t 4E? 
"ES «0 vs" t _ i ( 4. 
Voy = 31-4 ms"! nic (30457) k - (445-2) 
k=! tak -31.4k +145-0 [ For cowvenience, dont write 
rhe units, | 
The quadratic formula gives 


iu ag (314 EJBY u "mU 


х= 3.165 + 1345s > = 0915 and Ж= 4605 


mis less Khan Vue worimum eight of Sl.qw., These two times correspond 


Xo Ме basebal\ Passing Kyrough a height of Am on the way up and Hen 
646 ом Ае Woy down, 


4k = 3.265 


* 5 


»- wt) 
à) &=%а%5 
Ny = Nox ( since Dy =0) = N. = £3 | wes? 
NN = Noy ху = 31,4м‹5 71 l-am- A (0.925) = $12.9 57! 
+= 5.605 


Vy = Vox = +. 
Ny = Moy t Oye = Sides 4 (- 4.8m) (5605) = - 23.0.5 


€ N= Voy = Ам: (for all X) 
Yo = 0 ( when she baseball yerurns to yhe \evel From which VW was thrown ) 


4 ox a - à 
Ny = Noy ло) = Мү= t NW > W, =-Voy = = 314 ves 


vehe ew e m ^ EBLa e$)" = 40.0 ws! 


3A mst 
Fand 2 lmg = L 32 


9 = 52.0, below whe hori zonta | 


One can see that phe results from (d) and (e) make sense from a sketch of the 
baseball's path. Recall that the Velocity is tangent to the path at each point. 


Mims Z 92940671 
- — a 


E Е ~ 2Ч.Амс$7! 
wiwa E Mlm: 57! S ` 
V4 дам ` 
Miwa 4. DO $7 


34.1 Ww. $7! 


- ; 0 — —ANo 
“у= 051137 \ ] UTE ems 37° = iq rt fa 
ar) |! x 


- ` 0 1 К - | 
| Vox = Nocos 37° Noy = Vo Sin 37° = 36,1%. $ 


3-\\ 


S Ov. 


d) At the maximum eight | Vy = 0. 
Use the y- comp: 
А4 = m N ET ia 


2.6 


3- € 


Noy = +36.) eng! Ny = Voy + Kady (y~yo ) 
Ny =0 mat л E 
Y PEN uu NNMESTT ME 
Yo? TPS = Um fue] "icit. 
0) Му Vox ( since Oy = о) 2) WO, s Twi" vy - Voy XRAY (Y-Yo) 
We P^ zt Ady (y- 
+ = - 5 0м (ах Ае ground Lhe rock is Ny ы Жынды. Y-Y) 
som below its inctial position) u t ета (а-о) 
dy = -0.9 94:577 | 
Voy = + 36.1 es"! Vy= TAT. Sw $7 


м ides is moving downward atthis point 
Ve Ny Y Ny = utes) e (um es^ = 61.7.5 


c) X = Comp 
Y-Y, =? Need to know Ж (Lime rock is inthe air) before 
a, = 0 can Solve. Use the y- component to find Ж, 
Voy = WT. west 
= com 
Ny = -Ч1.% mes”! (Crom (V) My = Voy YO. 
Ky = -4.8m:s7* y u Ny- Noy M -UT Ims! SES 
Voy = 4 56.16.57) ^j Bikini. 
k=? L= 4,5 


(04 course we also know Ма y-y,=-SOm) sodher eas, could be used to find k, 
but We algebra and dvithmetic in Lhe above approach is Particularly simple.) 


Now can solve for x Ña * 
X-X = АХ + MAS = (1.457!) (8.568) = UlOüm. 


3-15 
a) N constant = 0470 
v "UR | . 
_ A, = R = Aves) = 6.1.5 m-s-?. Awection is upward 
= Tr 
[^ => Resultant acceleration 15 6.15 ms upward 
b) V x AC 
мт R _ GU (Lam) 
T= ar = Guest = 29.3925 


0) £ The velouty vectors involved aye: 
Ы К Nog = Velocity of the plane velative +o the earth 
5 Von = velocity oF the plane velative to the air 


яа = velocity oF Whe air relative to the earth (the wind velocity) 


n 


The vule fov relative velocities Says that Vog Von + Vag . 
The problem tells us That Ура = A40 К-ке”! and Vag = 96 Км: hr. 
Tx ds: says that Veg is due north (the ны, Ме pilot wishes +o Fly ) 
ond hat ШОК 05 to the west, W ith these two divectons and te P 
that Ven and Nae must add Xo give Ve we have the vector diagram 
"n N ом. he 

6 . 


The pilot should head \4,2° Wof N, 


b) From yhe vector diag cave [US (a), 


` a 2. 2. + „ 
‘Won = Vag E Vig = ei -Vae = 219 kw-hr | 


Aa, NIY 
The relevant velocity vectors are 
or Е X Mme = the velocity of the man relative to the earth 
$ aw = the velocity of Ve man relative to the water 


Uwe = Me velocity of Ve water relative to the earth (the current] 
The vale for velative velocities says ^ = Vaw t Vues 


The geroblem tells us hat Vag is directed Хо the north and has À 
magnitude of Ams!) anà that Умм ts directed Xo the east and has 
magnitude 3m:s7', 


ММ. Месе two divectons Mae vector diagram Showing the vector 
э of Me velative velocities is 


Soa 
Wut 
Viaw 


a) Vme = JA, + Ve tM = (am: s-')* + (am: $-)* = 3,6137! 


2. 4 


s. Ü “ме ú Ир 


= 0,454 = 0= 33.6 Nof E 


b) thie a tricky uestion. lo cross Mae river the man must trave| 
1000 ww. Aue, east vélative Xo Xo the earth. The man's ve locity yelative +o the 
earth is Ving: 


But Ae eastward component of Ais velocity equal s Ммм = 3ws^l, 


Thus Ф = Iž- m = 3335 
K 


c) The worth ward Component of Аме Mon Nae = Aw. Therefore in 
3335 Me distance north the wan travels relative to the earth is 


JY. = Wyk = (ams-')(333 $) = bbbm 


Problems 
= = (2м: ($7 - Зум. 5-52) г Ur (Sw АҮ 
= ws (9673) у Wy = (5.572) 
гк) =! 


47^ = q Vy ak 
Take K =O and XER., «2X,20 = t f №, dX 
TI [Aves Y -(3w-s-3)£? lir = ies" (^ Le (3257? ууж 
X= (эе!) К - (3957) S 2) = (ам) = (1.975)? 

k Y, = (^ Ny dk 


K 
Toke K = 20 and = X. y- ео qo =}, vy ak 
1“ a (Sms КАЖ = (Smis) (АКАК = (5s 2) (51?) = (205 met)? 


Y G3 = XT + YA 
FD fams - Ue 4] La enel 


ao А = d (ames! Cam) A) = cem si 


aN 
м» "x = А (ача) = Sms->* 


X4 


3-13 (cour) = Р 
& Oz MUT ca AT 


AA = [(-ew- зз)  [ e s] 


y Fink the value of X that gives X=0: 
From (a) | X (x) = (4. w. s^") k - (qw $23) k? 
X20 = (251) - (1-5-3) х 20 
k [ав - (mes tjk] = Ó 
X -0, and Ams! — (195-3) кә 0 = k= dws = 1,415 


Then calculate y at his К“ 
From (a), YU = (A. Sms?) k^ 
KUIS — Y= (aS ms NUNS)? = 5.0m 


3X] 
` The wd Velocity of de bag — 364*) | 
| equals ne velocity of We plane. "| I 
Му siw36.q | m 
Ее =ч == 0 
a) Use Ye N- Component : " 
dy = x 9.$ va. $ > \-\ = Voy K t 50, k 
Чы = Vo Sim 36-47 20.6 9,2 t _ y- 
kN | M. NEU 
YA 
ү} = * 300m Noy = $s - x (д,%ъ--®)( 2) = 136m-s7! 
Then Vo= Sya eT. 2 aquel 
b) Use Vue x- component * o 
1 
бу = 9 X- Xo = Vox t +5 К 
&2 5s 
Мек = Mp WS 364° = (0.8) (2175) =\%1 s К-ҳ = (191577) (5s) = 4|0 m 
=? 
Y 7 Ko udi. 


c) Ny = Voy (since b, = 0) = |e£axws^! 


k= 55 
d Q. ws? Vy =\36wms7' + (4.6.2.5 (5 5} = \$5 w. $^! TREO, 
"ERECTA 


3 0 


3-24 


Fivst we геме ourselves of the formula that velates the range R 
Xo Ahe projection angle Ө: 


\ Ngsin@ p= — сл 1s 70 0 = мәх - 4 gt? 
i Noy = No sin8 
X 


М» Sind 
0 > E. " = k= элн. 
Ng 050 yQ = Noyk + 4 Aye 
4. No $S. Ü м 
A20 3» R= Vk = (voso) (A=) » eo 5100 cos 0 


7, 
Thus, “у= = siw0, cos0, , for 9 = 90, 


1 
R = hie sin (40° -8,) ws (90°-6) €o 9 =40°-0, 


Qur tack is Xo show that R= RQ. 
cos (40°- Ө,) = cos (8,-90°) = sind, (Erom А ppendix B) 
and Sn \а@- 80) = - Sin (9,- 40°) == (- ws De) = (о 0, 


1 
Thus E x Co $0, sim 9, = Ri, AS desired. 


3-3, 


ж ү = [ух 
" | 2, Wa 
X Reos wX = V=/[RastuxyeRsmwk = RQ loslok x sintwk 
= Rsinwk 


But costwk «si wk =| = v= &, independent of Ж 


v) V is perpendicular Xo Y i£ NY 20. 
х = XC = Ruswk C+ Rsinwt y 
Му = be = dg os wt) = - Qu sinwk 
Ny = u - > (Rsin wk) = осом 


N = чї чү] = (-Rwsinwk)T + (Rw cos wk) 


Vee = NX * NN. < (Ru sinwk) (Rcoswk) + (Rw aswk)(R sinwt) 
-Wu [-sinwk Co5 «wk + Sinwk cos wk | =0 


c) = a s Br (- Qa sin aX) = -Rw* cos wt 
Q4 = iM = д ( Ru cos wk) = - ох 51и о 


$1 


3-3| (cont) 


T= бус ryj = (-Qu* cos ож) + L- Ru* sino k)T 
Q= - e* Ci eos ox Y € CR sin ox Y | 2--otY 
Thus 0. is Ww the direction opposite `o *. 
The 


maanitude is 
б. = [o + Oj 


= [Qo cos*ok eR wi sintwk = Rw? [cost хм = Rw? 
1 
Ñ ү = Is ч = Q'u'si^uk х К 002 созо = Ro [siehe ros*wk = Rw 
A. 
e| V< Ко 0-7 R 


Then = Rut = RR) = v 


— 


Q | AS was +o be shown. 
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The yelevant vectors are: 
€ po = Velocity of re plane relative Xo Ke earth. 
[UE velocity of re plane relative Xo the air 


Nae = Velocity of he aie relative to Mae earth (the wind Velocity) 
The rule for Combining relative velocities Fives ee = Nog t Аке ‚ 


— \SOkm 
A We охе told Xa Veg has component 5 
Ҷом | _ 
ahr ~ 


À We = 300 ИИА ИРА West, and 
Ф0км - he”! South. 


We ave also told Aak on 15 Aue west, with A magnitude of 140 км. Ке 


д 
The Vector дла gram showing re хелле veloce addition is hence 
N, 


P — _ > — 
Nae Vae = Nee 7 Урд 
Vee 
X- come (E-W) N= (N-S) 

Vagy = Veex = “едх N'ae,y = АЛ v - Ард, y 

Veex = - 300 km We"! Veryx =- 140 ww. r! Veg = - $0kw-lec^! | Neayy 2 0 
> Dac x = -300kwhr7'- (-240 Wwe r7!) > Vag, y И, E «0 

l 
Nae = = 60 к-ст! 


Vay = - $0Xw- W^! 
^. 1 = 
Vaz = ie + Vaey = [Ceo he!) +l goka. кет) = 100, hr! 


oe 


3-3 cont) 
GOkmehr  _ 
меңе шырт 7015 


ё D= 36.9°, W of 5 


v) Mae = 0 eM! due south 


= 
Noc due west 


The relative velocity addition diagram corresponding to Voc Mog + Vie 


becomes — 
M " 
YN ас МАЕ akm” 
> Sw = Ven МАО Kwehr™' 
w fd Nag 
sme = 0.5 => 0 =30° 
S 


The Alvection of Yos Ve dicection in which Me pilot should set his 
course) is thus 30 N of W. 
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CHAPTER 4 


Exercises 3,1, 4, V, 15 
Problems 17, 13, AI 


Exercises 


"ed ге 
Lek Ме x-oxis be in the direction of Fa Wie оссе applied by man А 
Y —» 
fs F= 68 Ib n - ^^ = 64 lb 
° 2 Ay = 
ee) ELE l 

Fa Fox = Fg coss? = 35.4 Ib 

Fey = Fg sin 45° = 35.4 lb 
Re Fr A 


Ry = Fay + Fox = 628 + 35.4 lb = 103.4 |b 
Ry = Payr Fey = OF 35-4 lb = 3%Ч\Ь 


Thus R= Јах хах = osa №) (з.ч) = 104 Ib 


Y 35.4 lb о 
“озь + 0-344 = Ө = 14.0 


— 1. tw = 
35.4 \b 


= 
The direction of Q 15 19.0° counterclockwise 
E vow. ‘he direction of Fa: 


jap = AS 


The mass of We watermelon is constant» its weight differs ow earth and Mars 


Use Hie ‘iwGoryartion about We watermelon's weight on earth +o calarlate its 
м = лд) =) We S = res: = 5,3 ка, On earth. 
On Mars m= 5.31 ka, We Same As OW earth. 


Then the weight on Mars із w mma (5.31 kg) Us?) 214.6 N 


4-4 
0) The free-body force diagram for re bottle IC: 
Aw = “9 


The only Corce on the bottle 15 Yhe force 
of gravity, 
k) w is he Хоссе of атау Мах the earth exerts on the bottle. 
a The veaction X9 is force 13 av) Ae gravity {оссе thet 


Jue bottle exerts on Whe earth. Note hat these two 
coduce qute different accelerations 


- equal and oggosite Forces 
because the battle and de earth have quite Aferent masses, 
earth 
4 -\\ 
А М : X Use che Мема information Xo find the 
acceleration a of He block) and then ZR = way 
F = HON Хә calculate mi:i 
о 
№ Hg " w= 0 к-к = Wk ХАК" 
k=5s Мх-Х\__ Allm) _ - 
ds жй 0. = UT 7 (Ss)? = $.0m:577 
E. - HON _ — 5. ока 
A qw" — — 


b) Find the velocity produced by he acceleration during the Arst 55: 
yal 


AJ = МУХА = 0x(€sT)(5s) = Чом: 57! 


The [orce ceases to act а А20. Thus м Ме next Ss, 


Mo = 0м. 57 o 
6. = 0 х-х„ 7 Nok ARS = (Чою !)(55) =200m_ 
k 2s 


= 
- 
-— 


ХХ, е 


Ч-\5 з 
х= Ak +B 
Find ah | Krew = Г = va, 
vik) = FE = Ax38 X" 


a= 47 = opt > R=bBmt 
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Problems 


W-\T "n 
Е u " 

Th is stated Hut Ñ anh F, are erpendicular to each other. Select 

coordinates with the X-AKis pare Wel +o Е and the y-axis parallel +o R. 


Yj 
R 
h =F. = \ON R, =0 
X Fiy =0 Ry =lON 
t.t Fh = > E-R-R у Fay = c f = O- LON = -10N 
Fay = Ry -Fiy = |ON-0 =+lON 


ç = [Fax Fa =|(eton)*+Uion)® =. 


LON 
bang = TON FLO == 45° 


Ө =404+o =|35° 
X — 
The À reckon of a is 135° counterclockwise from 
We diceckiow o& ni 


fix = С, wos 60° = (Loon) (05 60° =50.0N 
Fy = Fy sino? = (won) singo? = q6.1N 


Fax = F, Cos 30° =(@м) Cos 30" = 64.3М 
Yay = -Asin 30° = - (<ом) sin30° = -40.0 N 


— “=й р — — _ 
rnt tt Ys = Ё | where y \$ the force the boy exerts, 
We yequice her R anh hence R be whe tx-direction = Ry =O. 


Ry = hy + fay T EN = О 
ы = - (Fyt Fay) = -(8L7N-40.0N)=-467N 
Ry = m T Fax + Ез; . 
he boy must push so that Ry =0, but he doesnt have to contribute to Ry, 
His smallest force will be when fsx=0= F = fax thay = |Б = чь] N 
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4-\4 cont) 
“The Airection of his force is in de 


-N- dieection im our Coordimats; and 
hence at 60° clockwise Erom 5h Р 


0) =, XI0 TN | 
( We ger Khe maximum woward acceleration with dhe 


PAK LAU upward force, which \$ when Ure 


l^ 5 ules have the largest tension they Can 
wixhout breaking.) 


pr 2 mg \.46 хо N 


Zs Fy = may Tem _ MS N ta ND TN _ -2 
т-м E MA S = m 7 2.000 «9 C Rams 


V) What change $ here M yhe меле of М.е elevator, 
w = YA0 = ( 4.000 ка) (1.67572) = 3.34 хло? № 


ten АЧА = 3.34 KIO N _ 
A = YA 5 2.000 ka w 10.31." 


( Note MX A s \S much larger nan Me answer in (a). ) 
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CHAPTER S 


Exercises 3,7, 11,13,17 14, 21,27, 24, 31, 33 


Problems 37,34 41, 43,4, $2, 45, 57,01 


A7 
VUES CU 


№ = w= \4.2 lb 


256, = Ma, = 0 
ү- м =O 2 N= Ib 


25 F, = ma, =0 ( constant velocity ) 
E- + =0 = Fe + 


=< Yi = (02004.10) = 34 Ь => F= 3.94 Ib 


N Am mF = ma, =0 
= Аг = = 14.2 lb 

г ЕТ — Y-w=0 >=> T. 

Slugs px É = Ma 

x и N (0,2)(19-2 1%) 
k= wa = 19.2 lb -}, = ма => д - 56 = fe = OAD) 
вз - 6, 40.57 
A= - GH FAS V = Nye ak 
„= \5 €x: $^ М-М _ Q- \5 5 
ү=0 Кеа = тү эч ^ Ads 
f=? 
DLT, = May 2. =ma, 
Y\-™4 = - ось = MA 
ета Frovit = Bee N= Ptr m3 
erus = P Ps = ya 
My = mg az - че $ 
Consider We Kmematics of We motion : 

М = 2 ү AAQCXS) with V= ZV 

= d WS = NS е а(х-Хә) , 
зм, 


— ANS = WACK) = — BAe X) =P e = дусу 


3$ 


6-1] (cows) 


w pressure Tire 


A-a = 45.6 
EROU UT o Sw 67^ - 0.02.10 


Г I 4 (4.8 v.s t) (45.6) 


Wig pressure tive 
X- Xo = 4423 W. 


z 3 5 we $7)- _ 
P = (ачз ауаз) ^ 20084" 


— ^1 Хоссе diagram 
Lor Khe man: 


Lh = vx dy ph -= MAy 
T, cos0 - 14 cos 0 =0 XY Smd- Av = 
` Шс: 2(9м15°) ER 


b) T= 20000N ,90-' 


m o _ _800N _ à 
XVsw -w =0 => Sind = ат 7 400,000") = 9-02 05 


Force адом 
foc Kae upper knot 7 
" 


"sius? 
p is = MA, 
Tus 49°- F, = 0 
F = Teos4s?= (20N) (0.70) = 8.IN 


Force diagram for We lower Knot: 
` — —4Tsints? Г =. a = May 


n F4 = Teos 45° 214.1N 
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5-13 ( cont) 
Forces On Me block: 


Yor es ow yhe lower Knot : 
/ Ñ Y 
` L. XR = y [x > F. = m, 
Ta uso Tsin 45°- м =0 
А № = зм Ч$° 
ur к= № = (лом) (0.707) 
Mr = \ҷ. М 


Үә Y 
pen M P Li, 
Mp Wa Ñ Ар 
WA 
constant N 20.70 


mg 
2n p = ма, 2 E = му эму L way 
Na-Ma=9  Х-мкЇ\л=0 Nggo  фрд-мдї\„<0 
nasi ner 


Combine these е5. => Р - puma + Mic Mfg 


P= By [Wa + Wg) 


N T= pk Wy 
g= "T adi 
о speed з AYA sino = 22 = 0, 5 ; 8 =30° 
as A 


^T sin® = (1000N) sin30° = 1000 N 
Т\=ду cos0 = (A000N) ws 20°= 1732.N 
PN =(0.30)(1134N) = 520 N 


ЛАГ Sing 7 A YV => Sate needs to be held back if it 
is to ‘s\ibe ¿Kk constant Velocity 


T. F = лбу 
bar sw - Pen -P =0 


Р = ммд Т) = I000N - 520 N 
P= 480N 


q 9 


a by = лау 
М- s - 0 sin = 0 


Le = maA 


constant N 0-0 


Combine these two equations : 


f cos0 -pkl м +Psin®) = 0 
к. МАГ 


b) ` Starting Xhe crate Xo slide" => the force diagram is АЎ in (a) except 
ok Pk Hs 
A 
Vhus ФР = ¿os -Ms Sin® 


ы» OE 60S Ü -Ms sia 0 = 0 "= $0 = аид 


лоо | "4 [алоо | 55 [алоо | a [лоо] T engine A= Mgr 6-2 
s\ugs siwa $ slugs slugs 


б) Consider ol four cars as a combined object: 
Y 
ч Б" „че 
X sluos b ax T= мА = ч (2100 slugs)(1. 5445-2) = 16,200 Ib 
k) Cowsikec the last three CAS AS A Combined object: 
Y 
с Em уап 
x slugs N T= ma = 3(3100 slugs) (l. 5 9572) = 12,150 lb 


€) Consider the last two cars as a combined object: 


7 
an 2.027100) Ta dá 2 = May 
X slugs | — А 


Tz = ма = 2(2700 slugs) (l. $ €x-s-2) = 8100 Ib 


5-71. 


4 | 


$-1 Cow 
À) Consider forces ow Ме Fourth car: 


м ез n 
— 0. 


Ty = мА = (x100slugs (1. 5-573) = 4050 |b 


hp um The forces would all be the same magnitude but 
Q 74.5 2+. iw Аме opposite direction, 


£744 e \ 
T gio 


NULLO v^ sind = x 
\ > mg 05 Ô A= $. 9 = (4.€ м:5-^) 51030 


A= uq wes 


No ¥eickion 


Zs Ky = dy is = MA, 
N- macos O =0 мајѕ\м Ө “BRN = w^. 
Yi» ^9 950 Wo sin Ө -uk WAG 50 = а. 


(=o (siw0 -ax cos 0) 
(0.2 V.S ws) ( sin30® – 0,1 cos 30") 
i= 3.30. 


Nose Мах Me acceleration is less when Friction is po and that in 


bor cases Khe acceleration is independent of he mass of the block. 
5 -3\ 
N Consider We forces ом We Wan . The eeading Ow We Scale eguals the 
upward normal force on the man. 
Y\= BOON GOON 
\ му = ма 2 ma = ^а quur = 6|.Akg 
X = мА 
pur 1 N-mg $оом№-600№ _ А 
уло = 600N ^ - mgema = 4 = —— PG = b1.2k4 = 3.47 m5- 


0. Comes out Xo be positive, so a ùs upward. 


TA 


5-31 (cont) 
b) р N= 450N L Fy = may 
X YA-wa = MA = 0.7 DM 
4 50N -600N 
mg = 600 N д = 7 u C CAS ms 


Á comes Dut to be negat ive = A 15 downwavd 


Q y n-0 
| > X LA = wa, 


“ww = ма = Д=—4 (free- Gil!) 


+ 


a) Add Mese wo equations : МЕ жы. = YA, @ 


MI- = Ma 
(mA ма) g = (Witz) À 


ae g C) = (te) (ARSED) = ote 


ua 6X4 


0) wg T= ma = Tew3-0) = Чиа (4.57 20.48 5-1) = 3.5.3 у 


oc 
Тема WS => T= W, (A9 +0) = ока | 0.5(4.8m+s-2) + (0.98m: 5-3) | 
T= 35.3 № 
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Problems 


5-31 | 
IE The tension in the Yope is F, 
7T, and T} ove the tensions in Ahe chains. 
Constant velocity => = 0, 


F Forces on the weight: 
N 
k ER УЕ = ma 
z y N 
&-0 | > Tas =й 
MS 12м 


Forces On yhe lower pulley (remember Shat dhe gravitational Force on 
re pulley \$ negligible) * 


T ç 
б=0 \ TA = may 
x RE - Аг = 0 
_ МГ 
Ter Fe 2. 


Е Ta > АГ 
EL. р 
га, eU 
E ° 
No Svtckien, Pos -w sino = 0 


Constant V > A= 0. 


ох, wuld do Wis particular problem (a=0) wer a ДЕ Cevewio choice of axis: 


e 1 
"NC 3 Lux 25. wa, LE = may 
А '^ cos 0 - ur - 0 P= Tsing = Ü 
Nisin P m Р [usine 
Ү\ = со Ө 


Ре лом, which checks 
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on The table, and mg be the mass of Ve part of the 
rope at is hanging over the edge, 

Coney = m, the total mass of Khe rope ) 
Forces ow Ме hanging 


Forces on he part of yhe rope on the table: 
park of Ме voe: N as 
< PsN T | y 
y (motion = X 
Ux wend s 
0-0 
Za Fy = may Dh = YA Ау 
nag Ni-M.9 = 0 т-м = 0 

Z f, = may М =. T= р YA 

T- mag = O 


Equate hese two eqs, for \ =F Mah = мм 


“у = Mura 

The fraction that can hang over he edge iš 
Na = m... s. = P = E. Ж 
Ww Mami peasy st 


Forces on Хе 


Forces at the 
hanging block: е Knot: 
T3 ay 4 n" X 
< - 
0-0 X r = O 
x AT T4 cos us? 
>, =0 Ta 
75-м = O 
А T4 sin 45*- T4 =0 Ta cosu$ -T0 
С», sin 45°=т, Ti? соѕ 45° 
М 
Теа IAN T, = 40N 


u 5 


5-43 Cont) 
aire on block А: 


r4 baa Wes. ZO ama 
i ы EP =0 N\- A =0 
= 20N N= 100% 
wg =\00N = Ps N = (0.3) (100№) = 30N 
Pe 4 ^s Ү\' motion is not impending 
lo) MAY (млм AT => mohon (pend s => ee mi 
Use Ае above force diagrams an À е. but wih $s =; N, and Av AS Unknown, 
Forces on black А: £, = Ms YN = 30N 
T = =30N 
Forces at We knot: T, со545° 2 T, 230N = T,=H44N 
Th sin4S° ~ T; = 0 = Tz = Ta si 45* = 30N 
Forces on Me. hanging block : Av = 1, = 30N 


s-ua 
«s | ú First calculate he maximum acceleration that the static 
è e Friction force can give Хо he case: 
Ү=%9 fe "3 
uo TAA s TE" 
k SR а у © p 
mg 


mg 
max & = Í “Ms А = ы. 
+s = wA 
pa = WAR =>? A= м9 = (0. 3) (4. Tm: ga д.95, 5- 


TE быны > 14 ews She Case cannot Follow the os and 
\ Kes relative to Me track. Ту this instance qa 3 = У. 


LE Aya < 9459-57 Ме case will wot 51р. Tt will have the same 
acceleration as the truck. 


Tn eier situation the fricton force On the case will give rise to 
AV acceleration (^ the Same dicechon as the acceleration of He truck; 
Whe friction tries to keep the case moving along with the truck. 
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$-ча ( cont) 
—— 3 > 
Ñ ayuu 7 9M S mS P Bheuck 


This is les than the maximum of 4.945 м:5- that can be given +o the case 
by static friction = case. = L Sug", 
=mq = 3924.N 
Y. 5 = wa, 


4 
— 
U. [3 Fe = Ma = (YOkg) (A. 5.52) =100N ; 
М : олмокда yhe Front of rhe truck 
mg 


- 
b) D beu = - 3.0m-s~* €— бу, 


Mesa] 7X945ws* => 1s rere | > | case! | and the Cafe slips 
Thus Ë$ = fk = < YN = (0.2) (392) = 73. 4 N 


"uU = ` > ` 
бузык ом Qe буе in We same direction => the Lriction force is 
Aicected toward the vear of the truck. 


Parks (à and (v) 
wil be done together, 


Consider She forces on each block. For each block let the direction 
of X bea positive coordinate direction. 


Tag 
z t >; ñ = ма; 
azim? X la - ^a 4 = maa 


Tag = Wa (gra) = Акд(4.®м-з-®+1.0м57®) 223.6N 


Mag =\4-6N 
TE adore >. K = may Ts Fy = May 
— 
The 9 = = Q Tac 1ле Mk Tl Wa 4 
+ =\96N 
x, ec N =146 Tec = Tag Mad X Mg 0. 
< Pk Y = 14.6 N Te, = 23.6 №+\9.6 №0206) (o - s?) 
mgg =\%6М $c o | 3 
Tec = 93.2 № 
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Tar ZIZAN 
be ' T t. = MAy 
| = м7 ү, А 9. ig eden Aia 
_ Tee _ $3, XN 
Mle = eg Me = а-а 7 


Q4 S w.s-? —k.0Om-s74 = ID. 1 кд 


Forces ом mo Forces on үл, 


N A ү а 
X 
ç * a ы " 
mg 


mg 
Z. F = Max 


Th = MA 


This gives us +wo equations, but 4 unknowns (T, Ti à, and ü. ). 
Forces ow Ме movable СЕ 
K 


+ . 
| аш ps? = may But pur pulleys have negligible MASS 
0. = 

° 7. - AT, = ma 7 20 


Use Wis in Ме second of Ме above equations = [mag-27, =] 


This reduces Phe unknowns Xo 3 (T, ‚б and ds), but we still have ом\у 
Awd Squat ions, 


Buk Une accelerations Ay And ду are related. Tn a Given amount of 


Sime if W, moves +o rhe right a distance A then in the same time 
Mz moves downward a distance A/a. Thus, 


Я NX А ‹ NA 
' AJ = Q TE> N= 9. "И À се =} 

Svwc€ M30 SÅ | I a. Aw fur thermo Sne A I AG A, 
б. = X04 à This \$ Ме Wied equation oct we needed, 


Use Xe above in Me Gest °$: 
Substitute Mais into mg- XT, 2 WAQ 
= муо ALAMA) = б.у, 


94,9 
А (mar um) = w. => 


H ç 


5-5 cont) 2. Ma. 
3 


5-51 
— F=200N i | 
Note that the mass of the горе 15 given 
буф, Aart Ve XS мох negligible compared to the 
Э other masses, 
É 


À Treat Ме хоре and two blocks all together as a single object, of mass [6ka: 


= KOON 
J y TE = WMA 
| y 1 
jS penu vin. 
mg = (105) (9.952) ac IL - eia wa = AT mis 
= 156.$ № | 


v) Cowsikec Х\ е Forces On We Tkg block | since We tension iM the top of 
te хоре (n) will be owe of these forces, 


F=200N 


| Ge] Se кзз 
pem T k iaa ri 
a à Ty = A00N ~(1k9) (4-85) – (1g) (475-2) 


Th = %00М/-6%,6М/ -1€.4N = 112,5 М 


c) Consider the forces on the Хор half of Ме cope, Let T, be the 
tension at he middle of the rope. The top DWT: of He горе 
has mass (Ua) =1kg. 


X 
3 2 Fy= may 
y 
а= L. Vy -im Mgema 
X 
S Tm um -ma-ma 
-— Tm Tm = 14,5 № (2%) (9.%.5-^) _ (akg) (4-7 m57?) 


TmZNASN-\AI GN -S5S.HN = $7,5 № 
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5-61 


— The cork and Ме block have the same acceleration . 


The normal force exerted by the cart on the block is 

perpendicular Xo Khe cart surface. The friction force 
| on rhe block is directed soas t» hold the block “р 
P 5 Against Jhe downward pul\ of gravit y. 


Forces on the block: 


ре ( downward vartion ZF, = may DoF, = мау 
Lua Аай 5) ^| = WA М-м = O 
y 
Ew n L, Combine We egs. 
X => Мз Ka = Kg 


Ë 


Nove hot Trane does not apely in a coordinate frame attached 
ko Khe cart; such an accelerated frame 15 non-inertial. 
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CHAPTER 6 

Exercises: 1,7, 4, 13; 14, 11, 31 4.3 

Problems 17, 31, 33, 35, 34 
Exercises 


6 -! 


— 


T АГ (view 


Ar? 
“=a H = 
Q= eom a R M. ii F = may 
noove) T - Femi 
< A) lin toward the 
WAR 


ay 
| | : (1м) 
TR [soo N)(Im 
N =| = = |Ces= ——ə— 
center of Khe circular path) ikg 
мох N23 T= SOON (view From sihe) 


4-224 mgr! 


kl. 
Consider the Forces aL | 6,7 x N is We force 
ow the water * exerted by the 
bottom of the bucket 
wa* n Y on the water, 
Q4 AS downward at Mas oint, since that is the 
Kweckiw m toward the center ot the circular pat ; 
pn ү, EMAY a 
mg t N= YA Ñ 
Ах Lhe critical Velocity Ke water is jwt ready +o lose contact with 
Xe botom of the bucket, so at this velocity Ni 0. (Note that the 
force TA cannot be upward , | 
А 
N70 > va = AR VV 29 = |(4.8м.5-®)(м) = 3.)3 ws! 
6-4 " 
d | R A R 
Ar 
(47139 9 19= R 
— L 4 
yato, R= N? . (goms) _ _ 
m$” Mi ~ ~ 


д q (4.8 м-5-А) H72w 


& 


ed, 
шыш he Forces ом We pilot: 


Du YA s the normal um У {= may 
exerted on the pi 


Т - ма= may 

by his chate. Thin T e YN = м (ах ду) 

iS WS Apparent weight. Q4 = 79 > N 289 

The " weight is $ times his dread weight 


«13 í 
— p ма Fv (13x107 N) (0.04 w) _ _ 
А G с? = G = "T - (0, «$K9) (0.004 ka ) - 6.50 XIO lI N^. keg 7 2 
3= Ста (epes) >» mg = ССС 
G 6.50Х10-\М.м1,кд-® 0:18 10 "Ka 
6-\5 


= £ mm’ mMm 
4 "M^ 1 ar = (> "E = 9 = {> Y? 
q = (6. m" “ї.ка-®) a= 3.11 XI07 m5 7% 


- _ +@ЧМ - 


a) и DL = 5825s = 4T, | min. 


M _ [(6-671 хот" N-v*-g ~?) (5.4 €x 0? 4) 
(Note: = rum сакы. = 1550 ws-!, so the 


баха. given is consistent with Yt- ma.) 


ME „ - a [ 5.38 X0)" ka 
X g = б = = (6.6710 Nem? kg е [ 1.0 X10%m LEUTE 
6-13 


à mre ma =(21%q)(A5ms-*) = SON 


_—— 


this is the true weight Av of the object, 


5 3. 


Pu №, s E м бү © 
t T= My MO - Wy м т 
unir _ um? 14 XLO m) 


Nis = —<—— => M = — 
T= 3 VE Y ^r = [ (10. (2599537 2 


E í, lowes" 
= SON - (24) (Aloms-*) = SON-4.3N = 45.7 №. 


IL 


Problems 
6-1. i А 
Q 6 The person is held we 
gr skakic friction force 
Э — exerted on him by the nal y 
wall. »" 
Ww X 
| 
b) mMin Ms = Е. = s til (motion impend s) 
25 t. = May p Каш, Combine , Pese two 645. : 
— = _ ^ ape 
F „^а 0 = YA T № wh E = vA д 
pene a 
М5 а 


distance. (0. 5ке (ARF) _ alam) сав 
\ 5 o.» 7 


Calculate N^ N =kime 


= tee ae»... 03s] 


Bs ^ (auxwes)* 
C) No, Khe mass of the person divides out of the equations. 


The wormal force exerted on the person by We 
chair in which he sits is the apparent weight. 
Note wok ot eadh point in Ahe circular motion the 
acceleration Q, 15 directed toward the center of 
Mae ciecie, When we ATE У F. = мА ve will in 
each case rake the direction of ay +o be 
positive. 
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6-3 Cont 


K ios = 3.14.57 

At the highest point : At the lowest point: 

N YN, 
+ LU y 
Al y 6, T [m 
"3 Ре 

2.5 = May T paa = мау у 

ас ii алка Тама = w E 
2. 
Ty = m(s- =) 


` 
Subtract => Yu- Yl = Ам Z 
Yeh]. | ane _ 2 (2.Ww S)" 
"- — Y 


(4.$ws-*) (Sm) = CRUS 


That ls, the AS S ecence in We person's Apparent weight ot these two 
фом $ 15 0.403 times his weight, 


à 
Yu o0 => 0 =м(9- X) 
^ gs Y ‚у= = [(8-€ 5%) (6) = 1.05! 
ЭЛК 


у= © a k = АЛ = GEL 2 ща; 


эл, $À 


c) Ny = m(g+ E) 


From gart (o), x< = = Np = v. (9+9) = АМ. 


Wis apparent weight would be twice his true weight, 


)) ee ai 


The Person Woves as a projectile, under the 
\0м 


imfluence of gravity alone. 


T” iy = 0 


ay = $ = 4.4.52 
Coleulake where this unfortunate Person Strikes the ground * 


N— Ome j Find Kae time in the aw o. à 

y= FAS mS- YNo = Wik + 50у 

Y-Yo = t \Om x = 4 Q- Yo M 2. Com) 
Voy «0 J dy Шш rikr 
k = 1 


k = \.436 


$u 


6-3\ (cont 
(Note: The da velocity is tangent o Xe circular path, and hence is 


horizontal at Ahe top of the circle.) 


X= comp 0 
к-к. = f X-X% = Vox + + AK k” 
б = -Xo = (eO. )(Lu32) = 10.0 
Nox = 1,0% 57. алы wasa u 
k = \435 The person hits the ground |Om from the base 


of the ferris wheel. 


6-33 
@——. Let k, anh Fe be the gravitational forces 
te f exerted by the sun and garth, respectively. 
——x —— The earth +o sun distance is v2 ,uqXI0 w. 
e € ——— In he sketch the point P 15 a distance X 
(or From the earth, and hence is a distance Y-X 
feom the sun, 
= G> . 2 poa. 
fe =G y" ) he =G (v-x)* 
_ Mem _ mem ME us Me 
Fe ~ [^ ег Ç y + E G (x-x)* = x + (v-x)* 
mM 
(с) = x* (RE " 
Хх cA vx +x? = xt(["s/=e) => v (1 - "y = Ü 
Lex Y= DO = v^-—Arx-Yx* 20 =» Yx* rAcx-v* =O 
Keely yhe quadratic Formula : 
FER = + 4 L 
А k= ay [-art IT xu (ç ] 
EE NEU х!0 oka 
~ me l bš S.A qXI0 A 1K4 = \ = 4.33 xto* 
ма _ у. EXC ya X0 w ) — ц (“чахлоў ц(2.33х10° )(\,ч4 мон) 
X = (3.33 х105) i 


X = -HUTHX 10S * 2.642. XL0 m 


X must be positive => K= 2. 581X10 m- 4.474 хобм = 2.59 X10 м from the 
ear th 


Note: An accurate approximate calculation can be made much more simply 
5 Owe pores Lhor (Г, point must be much closer +o khe earth than 
Ao Khe Sun; due Xo he earth's much smaller mass, Thus it (S 
Accurate +o approximate €«-X by v. 
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6-33 ( cont) 
Then 
e _ ee ja ы Т. ^ = Е 
Tex) — ya “° Y+ X = ong 


24 
5. ko _ $ 


Yeso where we didnt make this simplify ing Assumption. 


Label the masses Ob and С, Ma = 19) my=2kg, 


Me = \kg. 
The eai Fidd а 4 at P is the sum of the 
CAAS Aue to the individual point masses. Fora 


point mass, g= G = và and is directed toward 
Ahne point mass, 


y д„>9‹= G FT = ТО" н 
ak И 
5, EIN а= б orm = 671X107! d eset 
о a° pt ау =%,+%ь%5Ч5°= 3.6110 s (14 со$45°) 
Е 9x = ҷ. 610710 м. 5-2 


бу = da x9, SNUSE 2.60 07 ms? (Азм 46°) = 4,56 10719,4, 5-1 


Y) EY. => F= may = (o.0lko)(u.se X07 0 м5) = Ч, 5107" N 


Fy = WM Qy = (0.014) (4.56 X107 om 5-2) = 456X107'®N 


Е = Беж Еу = eu х0 N 
amg 2,029» В = 45° j We [оссе is 


NMxeckek ok 45° above re conan 


5-34 M 
Ах Ае equator, 9$ R (е 6-27) 
Е = 4,$к.5-% 


a o = 9 = R ) where мн G Re 


v = {5% =/@.%х5-®)(е. 36x10%) = 1.31X102 ms! 


к = ЕПА. = элт (6.3$X]0*w). 2 5068s = l.HlWr- 


1.41 X10 P ws" 
(The earth would be a quite different place on which fo live: Г) 
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CHAPTER 7 
Exercises 3,5,7, WIS, 41, 43,45, 27, 49, 35, 34, 41, 43, 45 
Problems ЧТ 49, 51, 5354,63, 65, 67 


Exercises 


0) Wo = Ys (both © and 5 215 £X are parallel be the incline) 
We = (eth) (154) = 270 €t. lb 


The component ok the weight in che direction of He 


" hisolace ment 15 -ur sind. 
— елсе Wy, = -(w sine) s = - (22 lb singo’) (IS £4) = 7165 ft: |b 


(The object has an upward component of displacement, the gravity 
Хохсе is downward, so the work Доме by gravity 15 negative.) 


Q The normal Force is perpendicular +o the displacement => Wy = 0. 
A) ад = Wot Way + Wy = 270 ft-lb -165£t-lb +O = £105 F4-lb 


Use the могила лом given +o calculate the force constant hh of the spring: 
Бех = = a = RE = двом. 


à Fehx X= +01 => Е = (50м: -1)(01м) = 26.07 
X 7 -0.2м => Е = (450 N-w-!) (-0. лм) = -50.0N 


v) W ZN Сдх = ГИТ = ТА ЦК) 


20 X, = +0.1м =» МЈ = X (150 N-m-!) ( (0.1m) ”— о) = LAST 
120, X42 -0.2w => W = 5 (250%!) ( (-о,лм\%-о) = 5.007 


N Е = - (6№. м3) x? the negative sign shows that the force is directed 
toward Xe origin lin the negative х direction). 


Xa = lw = F = -(N-m-3) (1m) = - 6N 


o) Yum am = F, = (е2) (ам) = HEN 


$17 


1-1 © мі 

ч wef F(x) dk = (* (-GN-m-3) xFax = эү ыз OI 
Xo. “dita =(-6N-m Vy. x Дх =(-GNem Dani 
= 1.6 № м3 (к-К) - 5 Nw (ам) lmt) = - 25.57 

This work is negative, AS given by the above calculation, We know this is 


correct. The force is toward the origin, but the object moves away 
from She origin. 


\ 

Fs = (asn) (Ч) = 1007. 

(= kw u= $ laks) (toms) = 1007 
„= WX = [005+ 10075 = 2007 

Ka = Sw, => Vy = AS = | А0007). 


LKI = \4.l mes 7! 


1-15 
йыз Y X7 A K\= y w AF1 = + (\.67x10727kq) (2X10 "m: 71) * 
nr AXIO: 


-1 
„РШ YA к, = 3,34 Уу 
e P 


— 
X ye on gol à 


Ky X, p ^ * N. 1 _ 
w AN FAx = |, ee ax [ Note: proton is repelled =F is in our 


X, À _ +X direction.) 
W = QA yao) А. KE = (mar vag HM) = — Cano tes E) 


\ = - (482410728 Мем) (=r “= prb acd T 


(Note: LA this problem "iw is a very large distance, essential infinity. Also, 


W is negative as it must be. Tn our sketch the Force is to the lef+ 
Onda Ae displace ment is Xo. the vight.) 


K4 = Wak, 2 1.110711 TA 2.94 x07 3 = sax 7 


| K $2 -19 
К = мр => V; = Аа = 2. (1 52 Х10 7) = l.35Xl0 m.s! 


1.67 х107*7 Кд 
\) W = К - К, 


Stops momentarily at distance of closest approach =? К, =0. 
Ky = 3.34 y ip^ ^ S, as in (a) 


W = = еам") (р, = k (Erom (a) 
Ky = O => МЈ K, 
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"eis ( cont) 


ы I Ë 
- (1.82410 A Nem?) E = *,) =-3.34 X10 ay 
_L neglect 


\ š 
Xi 7 WQ = VK м”! — X4 = 5.45 XI $m 


(Note: The radius of a nucleus is on the order of \fm EIX! m, so the 
proton is still well outside of Xe gold nucleus. ) 


1-24 k: 
К = = Woxher = O (the ow Force ом the ball while e 
| is 1м the aw is gravity.) 
v = 06, = K+ = K, > ü, 

| Let \=0 at the ground. 

K. = зму (independent of Ө Г 

Wy = mah 

K. = 4p ay 

ü. = 0 


K +, = Ky + Uy = i" +mgh = TMV, 
м = [уулду = eoms) salats = 46.7 fts- 


k) The express ton for V, obtained in (a) was found 4 be indepen dent of 2 
so XXe velocity would agan be 46. Lts, 


^л=0 


N The forces on the object are gravity) the 
R nofmal force, and Friction. 
TENE The normal Force is at all powts inthe motion 
9 


perpendicular +o the displace ment => W =ø 
Kence Моң, = Wt, the work done by k (eon. 
Worker = МАМА = (Kg- Ka) t Lug- Ug) 
Lek U=0 at point B. 


Ka = ма = 4 (01kg) ems)” = 0.1627 


a =0 
Ug = 0 


Un. = MAYA = ma R z (олу) (9.8m-5-*)( 0.4 w) = 0.3927 
“wu, 


Wa = (0162370) (0-0.3924T)= - 0. 2307 
The Friction work tS negative, as expected.) 
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ww G) Use L Fema +o calculate the normal Force, 
— ç and from that the friction force: 
Є LR = may 
N-w cos0 = 0 
YA = w cos 0 


$e u= (0.15)(12%4)(48m5-2) cos 37° 
tk = еМ 


б) We = Fs = (ом) (хом) = 2%007 
D Wg, = - Ж = -(23.5N\(20m) = - 4705 


с) DU = А-0 = мау, gy, 
Ler U=0 at the bottom of Me plane =›\=0, у= (2.0m) Sin 37° 
hU. = (12K) (4.8 5-2) (20 м sin31*) = 14157 
б) Was = We + Wy, = 4400 T-4103 = |4307 


Worker = AKX SU. >» NX = Wege — BU 214303-M$3 = 5157 


e) zn = MA, 
F- fk- му sin37° = ma 
_ E- Zk wasin31 | 120N 23.5 № - (laka) (48 2) Sin37? _ | 
4 = ЖЕ = [akg uu 
к 
0 = 1.15.57 V, = Vp хла (X) К, = ўмо = 5 (кау (4-47 msl)” 
Vo 7 A)4. - [No + AA -Xo) Ky = 515 J 


у-у, = А0м - Ж 20 > № = 5155, in 
= 1 Ma = [0 3A (415v 572) (20m) бос Lement wah the answer 


AI. 


Va = 4,21м:57! we got in (4). 
Use eq, (1-23), with the mass мт of Toto in place of the mass of the earth: 
2. YAW Y^ 
му CÇ zim- G 


For We escape velocity (^) calculation, let v= Rr (e radius oF Toro), 
Y, — оо and Va = 0, 
— mv a DAE = Ü 
Ат 


The mass м of the escaping object divides out and we have 
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Л cont 
Ger (от XION rear) (2X10 kg) 
AS i 5.0 XI03 m = ating. 
Can a person tun at this speed ! Well, running [00m in 105 vequive s 
world class Sprinting, 50 1. 30 ws"! 15 uet barely possible Lor an 
DNETAGE person, 


4-44. 
Use the wformation given to calculate Ух Lor the Spring. 


Fehx She £ = 10000. 12X10 Nw! 
№ Uske" 


x = oim => Us + (A xio" м. ““!)}(оли) = 607 
х= -0.05w = Ú = (АКО Nem!) (-0,05m)* = 157 


D) Vice calculate She amount Mae hanging mass Stretches He Spring. 
Forces ом the hanging MASS 5 


ANC 
"^ "| Ta Fy = may 
_ ln mg = 0 
0-0 
A X ur (ьо) (4 6s 3) _ б,бцау 
“д LA XIO N: mT 
Then = Xx? = de (\axlotneme!)(0.044m) = \4.47 


\ 
\Nork ` us done on We. el oK ay, the É ring force 
and by feiction => Wother = - Wik ' 


arts 
Wo Wer = = AK4 NU = w Ki) yU- Uy 


“ес Idam -JAw 9 Xa 

Е X4 = О 

Xx = 5 (100 Nem!) (0. iw) = 107 
-pk 4X, = (0-0) +l0-0.55) 

= 0.204 


в" = 0 
052 _ 2.07 es 
BK = маха 7 (9.85 72)(1.0ҹ) 


1-34 
a) МА = way = (10ҝ9) (4.8m:s-*)(jam) =. 23 X10223 
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"= 3 cont 


ML 
e) P (qverage) = X 
The work W he per forms equals his increase in potential energy. 


3 
= = q. LIXO J — LW ks 
4 LOS HI2 Wats 


14t 4 
2.000 megawatt $ = P =1.0X10 `w 
Thus, lw | second Ahe work done by gravity ом We water must be 4.0X073. 
Waray =- МА = м а Y = хед where h is the height of the dam, 
( the water falls Erom y= h +o j, = o.) 
Use this Xo calculate the mass of water that flows over the dam each 
Second ` 
_ W _ 40XI0^W _ 
Wewgh => m= gh = Tier NITE = | AXID kg of water 
= А. =M. „ 1.2530 - 3 
рее етае пасат м 
Thus 14.00 w?. st of water over the dam Us requiced. 
ча P _ ШҮҮ, 
Р= fv > Bev Syst = $OxQN 
(This ls the Yesisting Хоссе against which Ме motor drives the boat, $0 IS 
We tension lw Whe оморе if Xhat is how the boat is being powered.) 
1-45 
0) D Ix хСАру* 
C -M0 5 Foie = 5 (300. 639?) (12.3073) (14 мез)“ 
А = 0.463 m | 
Р = Akg м5 (Aensity of aic) fy = SHH N 
Ay = wes? 


Fel =e = 0.0045 (TAN +N) = 3,1N 


Veet = The ты = GAYUN +3.qN = SEIN 
P= Bav = (sgean (195-7) = 913W (1.09 hp) 


0) Fu. = 45 (0-88) (0. 366m?) (1.2 Ka 7) (14 meso!) = 31.4 М 
Fell = 0-003 (TIL N +A WN) = XN 


6% 


1-45 ( сом) 
va = баса Fe = STAN LS = 404М 
P= пал = lapu (w e ss) =.566№1 (0.758 hp) 
Q Fae = 5 (Q-88)(0.366m) awa ws?) (7571) = 447M 

Fol = А41 М (independent of у) 

Frot = fae Fool) = AMIN AHTN = MAN 

Pe V = (AN) (Twos!) = $23 W. (ола VP) 


Problems 
1-47 
Lek \й=0 at the Floor. 
X8 уз Сос the system of two blocks, Wether = 0. 
» is \2к3 (The tension does positive work on the 
чка + | чк block and an € us\ amount of negative 
ЕСА Cw work ow he \А\кд V lode So the wet work 


done by T is жеб.) 


Uy = (aka) (4.8 ms") (3m) ( 4a block has Uso] = 10423537 
Ua = (чка) (4.657?) (3м) (Awa block has 20] = И, = IC 
Ki =O (system 15 released from cest 
Ka = 5 (4x9) у^ 5 (126) = (8kg) ^2 


(The blocks have equa speeds, since hey are connected by the коре.) 


K+ W, = К\А 


— 0+3537 = (89) у? +1187 
[ззз 2-12 = Ё Чањ ж, 


JS = 


ov X wwe Forces ом Sle s W. ех. 


loses contact K” AF = Max A 
n n x со$0-Т\ = ^ k 
wr S "g ~ R 
n * loses contact = mo 
oN | 2. 
\ wo $i" w со50 = WR 


\ 10 2 
| 


АГ &S 0. Funcion of 8 15 determined by energy conservati On + 
Wa =0 => Wother =O 


K xW, = Ky x Ua 
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1-44 Ccowt) 
Токе \K=0 ot the height of the center of the snowball. 


А | = wa Q Ki =0 
Uy, = wa Q. cs K, = kw r * 
O 044 = Булу? уд cos 0 
№ = эд, R (\- cos) 


Combine this vesult wih Ме equation we obtained by applying 


> r= w Z. 
= RIR (\- cs) = «Ж cos Ө N" 
A-A 050 = sð > cos 0 = % > Ө = Ч%.4_ 
IET. | 
a) 0-5kg A The tension in the string is at all points 
№20 perpendicular Хо Khe motion, so Wr = 0. Thus the 
im only work is that done by gravity, hence 
Woxxe< = 9. 

— U, Wother = О => K xU, =K tu, 


Lex U=0 о Me lowest point, 
U 7? wa ) helm 


K=O | 
K, = MND Uy = O 
0 = V =/agh = [4 (4.8 572 (1m =4,43m.-5" 


O+mah = ANS 
v) Consider forces on Xe ball, and apply Fama: 


' T 
La Nia 25 т = May A^ 
las < T- m4 = ^x 
(towacd the center T= w(at у} 


o& Ahe circular path) E". 
І T= 0.5Xk9 CET T {hens diams : ) 


YA 
TETIN (which is 3w9; YE = 29) 
1-53 
Consider Xe motion from Bto C * 


0, 
| | " Woher = SKXAU. 
1 $ с. Woxhee = Wk = „кз 
Wik = (Ke-Kg)+ (Uc - Ug) 
Lek U=0 ok the level of points Band C. 


Usp = A> = 0 
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1-52 (conti М 
Ko = 4g E - Puig 5 - 


Lo- + wg ) + (0-0) 
Kc -0 Ne Е | m sl) _ 
ims = 445 ~ 2(4.8 m-s-2 )(3™) = 0.212. 
k) Consider the motion From A +o В: 
other = Wy, 
= W 4, = (Ke-Ka) x NS Ug) 
Ka =0 4 Wak = жеу mah 
Ka = 5“ У = = pr. m y те”. 
ат ET у > мааны оннан) 
gz О Wyk = 165 -14.65 = —3.67 
1-54 > 
Е = Jayi T — 
0) Y К We 1 Fed К А 
qaq M = А? 2 Е. Ab =(зхут).дХ C = 3xy dx 
7 X = 2м 
: wi. 2 Xy Ax ) \= Чм along +he path 
EL X x 
ш N = 3(u) § хдх т DICTA E EU -x?\ 2e(1*-0) AT 
y)? „Мену _ КЕ 
W YN Fae -(3x40 dy | =0, Since С) =0 
wef Fat 20 
X 
X= Am 
AÀ y ГА Al = к +4y Y 
им Feat = (зхус)- (Акс Ауу) = Sxy dx 
SALES On the path y=ax => Р.40 = bx*dx 
> ә K, = lv. x x 
к We 2-47 * o xtdx = ef хак = elah) 
io Y^ X20 4 | 
wali- x3) = 2( (27-0) = 167 
-b3 \ 2. va w£ mi A 1 mmg 
Л С = amy - Oe Veg. 1-13) 
N = 0 Ç (Re +h) - Ame _ 
М = 7 ү, © Re =» Š 


siya Р BPE 
Reth a 1 Ç Re 


6 5 


1-6 cont 


| ү 26“ Re 
*=26me (a g к) = (1- m) 
WE 


Nee [^ ferms of g: « iud G RE = Сме = 9 Re 
1-6 


= V = Pa R (1-чү 


5 
à) FE) =-80x-\5 x2 
W sor = Mg Nuc = SN А} k. i 
Woo e F(x) ax = |, (- 80 x- sx) dx =- 0) xdx - sf x Ax 
' I Xi 


Wsp = -40A - Xr) - 5 (x -X?) 


Let X20 and X be some Aç bityary point K = M, =0 and А; = W(x), and 
Wspe = - 40X*- 5x? ҮҮ fet. "e 
Wee = = UG) => \\(Х)=40Х^7+5Х? (xin w ә UiT) 


k) Worker =0 = K +W = Kae Ua А š 
K-0 , W= US); atom = Uy = H0) 450)" = 457 
K, = amv Va 2 UO] 4,2 05m = U47u0(0.5)^t 5 (0.5)? = [0.67 


O+45T = ¿m AE +10,6 T 


~ 2. =з 0 = А -| 
А 21487-0: 5.87 m's 


B Ng7 ms | 
p Force Модом foc the block: 


| (ом) 51037° 
Za = may 


N= wa cos 37° 
T = pk mg C053 7° 
Woher = Wy, = - (mx mg соѕ27)5 
Worker = (к-К + \Ug- Ua) 


Let Ugray = 0 at point А. 
Kaz 0 Ma = sor ( U grav = 0 x А) 
Kg = хм Wg = mg (om sin 37°) (spe =0 ot В) 
= -fak wo 05 31°) S = kwNg -0 + wa (ом Sin 37°) - Us pr 
User = mg (omsin 37°) cna S с0537° + 5м Ng, 
Usp = (Swa) (4.8 ms-2) [ow siw 37°) + (0.5)(5kg) (d. < 72) (bm) (05.37 + 5 (54) (4 mes“) 


User = 11173 13 405 = 3341 
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CHAPTER 8 
Exercises 3,7) 4, \t) 13, 15,41, 43, 11, 31 
Problems 37,39,41, 45, 49, 51, 52 
Exercises 


8-23 


— 


д) U., БАЛАЛЫ (akg) (+6 was") = |208. м: 5-1 


The force is in the positive X- direction, so the impulse of the force is 
J-FlX-£) = (6м) (55) = +25 №5 = +25 ка. ms! 


J =bp= ГА” ul -i -| 
Pa = pyr $ = l2X9ws t25kg m.s" = STKy ws 
men" 
Pa = M, = л = А. = = : = |$,5ms^! (+o the right) 


b) Now the Force 15 in the Ne gat ive X- divection. 
J = F(t,-4,) = (-7N)(ss) = -35N-s = -35kq.w.s^' 


Ре Pir J = tlak9i ms"! – 35. ms! = -22kg. м.5 т! 
TU 1 
"E hl Sa = -W5w.£- (to the left) 


4-1 


— 3 


ka ka 
à qu Tah eut e (Pete mak = hueso 


k) T= pa- Py = = p + J 
Lea vut ico > h = M HEBR 
v.c th а (Ar Bt) 


$-4 
— r yy lwms Umg- Naa Z 8 571 
ы [^] - 
initial final 
e МА. „ 156N_ _ А _ Mg — 400 
UNT g qt ga = Tika j Wet Tee Todes = 411-663 


Pi = МАТА +g NS. = (77.1 (13957) + (4\.@кд)(-Чм.-) 21002957 367 kg m. 57! 
P= 635 Кам: s^ 


a cont) 
Pa = Ma Vana tg Vga = (17.14) Sms!) (41. 84) Vg, = GIT каме 7! + (41-8kg) to; 
Conservation of linear momentum in the x-direction => P, = Pa 


635 jas" = 617 kgms- + (91.4) Veo 
Nga = 0.196 ум. 57!) in the same direction as Gretzky 


L 
b) K =a Vay + x Wa Vo, = r (171kg) (13m:s-1)? + £ (41 89) (ч) 
К, =65157+1347 = 72447 


Ka = kwa Vaat kwa Vea = (17. Kg es) +45 (41, #4) (0. 196 ms)? 
K1 = 24677 +27 = A464 7 


МЄ = K,-K, = 24647-72447 =- 57807 (decrease) 


IL W =30m-s7! Oe же эе ыш 
EN мы? a =0 MILES a y 
8 | : 
N a 
A о 
initial „аз 
Final m 
^а д Sinus? ~ 
vation of V + P ep, (x= 
COWSeY VATION oF \inear momentum => Р = Pa Px = Pax and Piy = Pay) 
Pix = Pax =? Wa Vax + Wg Vax = WA аду +wa Voay 
WK (30m-57') +0 = pá (Vha us 30° Ye w (Vga COS 4.5 °) 
30571 = Var ws 30° + Vga cos4s? 
Рү= Pay > O +0 = vy sin30' Avl - Va, sins?) 
Aad these two eqs., and use that cos 4s? = Sin {5° 
=> 30.571 = Vax (WS 30° t sin 20") 
= _ 30ms7! š 
Vea 7 705 зо esin30* = 23.0957 
Then 0 = Ур sin 30° – Vg, sinys? = Ng4 = Vase 51930, . = 43. ms!) ЭУ „ 15, Sw gl 
i Ks A mq, +L Ver = 4m(30ms- i 450 м^ $721) 


Ka = Una Ap = kw (3:0 ms!) m,i. Sms) = [362 мау т 


крл. S Ka Ki _ (361 m.s) yn - (us mh soi) __ 
Fraction lost \S К, == (Чвом®-у-1) ук = 0.196 
(14.6%) 
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4-12 


NA = Am $7! Е 
0) k... Vei 7 0 Ny =7 y 
ped L. 
h B 
initial 


Final 
Conservation of moment vam in Le X- direction = р! =f. 

* iar Vay x Wig, = (10, 000g) (Ams ~) = 10,000 Kaem- S Á 

$4 = (Ma wg) V, = (30,000K 5) 4 


9-29. = 20,000 kg-m-s-! = (30,000k9) V, = Vy = 0.667 ms” 
v) Ky = Y wA Vay + kwa Ve) = > (10, 000 kg) (2.5) “40 = 20,0007 
Ka 7 & мам) v* = + (30,000k9) (0.667 ws)" = 6673 T 
BK= К-К = -133x0* 5 (decrease ) 
\„=0 > p420 > p =0 9, 7 МАТ M Vg, = (10,000К8)@м--\)+ (20,0009) Vg, 
V s _ _ (10,000ка)(1®%.$57') _ 
—> Vai Ams <— Vg, ° 0 > ai^ 20, 000 ка = 
А B 


-[.0w. s^! 


$-15 


Nn = 60 wh 7! 
— 


Nyy 
p | 4000 60 
0 
= bid One "ERE 
N 96 | 
l g 
 — L] 


Nig, 20 kw. r! 


“V, sin? 
initial š 
Sual 
` : > 
Conservation of TTE, momentum = г) = P, 2» Pix= Pax and Piy = Pay 
Pix = Pax = Ma Vary +e Vex = (Ma +g, ) Vax 


(2000 X9)(&0Xw.We7 +O = (6000 kg) (Va cos) 


Piy = Pay = MaVary + wg Vary = (Mat М) Vay 


O+ (4000ka)l-L0kw:hr™') = (6000kg) (- 17, sin0) 
Divide one equation by the other 
MasimO _ 13.3 kwh! 
кы AW cosg0 ~ 


4.0, 0 Kw h^! = anb = 0.665 => Ө = 33.6° 


( S of E, as shown in the PUN 


o 4 


-15 (cour) 2.0 km-he7! 


_ Okmhr _ a 
Then А9050 = A10kwhrC!—» V4 =-60533.6° = 2.3.4 Kehr 


30:57. Ng 0 аи 
© @ N 
A B B 
NU 


Nga Sin $ 


Final 


“Kl 


Conservation of \inear momentum >P, =P, ( Pix =Pax and Piy =Pay ] 


Pix = Pax => MaVaix + Wg Мах = Ma Ax + Wg аҳ 
AV, tO = Wy cos 30° + WK Wo. Cos $ 
30м-$7! = Was cos 30° + Vg, cosh 


Pry = Pay >> MARY Ag Very = WA Vary + wag Ngay 
0 «0 = млр Sin 30° -K Nga sing 
О = Npa singo’ - Nga Sing 


elastic collision => K =, 
X 1 1. 1. 1 
4 W& Vi T Z wg gi = ima Уа + + Wg Ver 
1 
+m (30 w«$7)^ +0 =+m У. + Lin gi 


n 
(30we$7) = Sar Ага, 


Three y pius in three Unknowns * Var) Vga and ф. 
Square +< momentum conservation eqs. and add them * 
(30w.5s-')^ = мкр cos*30° + Nga COS O +2 Vaa Уд c0s30° cas b 
> . ° . 
O = Wa. Si 30 X Азу Si t - 1 Vag Vg4 Sin30" sing 
(30m-s-!)* = Vya (sin*30% cos* 30*) + Vg, (sin?d + e052) + 2а Voa (0053054 


—sin30’sing 
But sw^0 rcos*0 = | " 
ond соз cos 8, —sind, Sin8, = cos (6,404) 
Thus 


(30 м5), = Vas Us + У Ver Cos (30°+¢) 
Comparison of his result with he Conservation of Kinetic energy equation 
> Mha Ver Css (30°+) = o 
‹о5(30°+ф) =0 =730°+ф=40° > 4-60 (bis defined in the sketch) 
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4-24\ (ow) 
Now XWaX Q is known, solve for Vag and V 


O= Vay sin 30°- Vga Sind 
= AR, [sSva30 V _ 
2» Ver = Una (ERI) = 0.577Vaa 
Substitute Xhis into yhe other e$: 30:57! = Vay cos 30" 4 Vg4 cos $ 
=> 30wes^! = (0.866) Vy 4 + (0. 500) (0.577 Vaa) 


Мал, = 16.057! ; Nga 20.577 Jaa = L£, Os 


1-213 
0 VAO Vai 0 ur Maa Von 0. Sw s 
eds nap 


Conservation of linear momentum = °, = fa 
$79 j A=- "aas * Wg Ver = 0 = -wa at Me Vga 


va (658 a] Vaa = = RE) (0. Sms!) = 10 mes! 


b) Use conservation of energy : 
The spring force is the only force Х\ does work onthe blocks 2» Wu, e, = 0. 


K, XU, = К, x Ua 


K\= 0 Ky ERAN + mg Vga = = (19) (1. Ons!) 4 5 5. (2%) (0. Sm: st) "20157 
" = soc \һ^,=0 (No potential energy is left stored in the Spring, 
OF Ugo = 0.1570 =» Usp = 0.151 


SX] 


Use coordinates with origin at 
ne семҳес of Ae earth o ХЕ = 0 


(1. зь хло?) (0. ug zi 
X = rv.) - AOAO m , [row Ae center of yhe 


5.4g X102 9 x 1.36Х10** 
earth and ох fle line connecting the centers 
of Ke moon and earth. 


q-3V 
a) Eq (8-38) > VEN x Nr AK) -gt 
No g cava onal p A > g= =Ò. 


TA 


$- cowx) 
5 y 
3 XU ум”! = (400 wg!) lal mo) 


Ve = 240m: 57! Mal: 
—w) = | 
Ay = 0.00\с = 3. OXO ms! M ) к 5Ч 
=> <2 zes = .quxi0 


Mm d$ Х.е Final mass of We соске, after eM the fuel has been expended. 


me 15 Lhe initial velocity of the rocket, with its fuel. 
The problem asks for e. уму = 67 1% = Sax ** 


(This 13 obviously not feasible, Сос so little of the intial mass to be not fuel, ) 


v) V = 3000wes-! m 
3000 м:5-! = (29400м:5-!) Ln <2) 


Qn ( Se) z1.215 => "ло = p^ = 3.49 => go" 25197 
(18.1% of intial mass not fuel, 0x Л|.2% fuel, this is wach more feasible D 


Problems 
$-37 


N IÑ B 
Ne — 
F " 400Xg Ns.$1 31^ 


Final 


initial 
ComserVorion of lintar momentum = v = Pa \ Pix = б il fis _ һу) 
Pix= Pax = - (1чоока) \ = (2300ка) (- V, sin 37°) 


= 4300 kg : 
Vig [aska last) sin 37° = 9.90 w«$^' [ station wagon ) 


Pry = Pay => (90014) Vay = (13009) (4, cos 37°) 
- (4300X 
Vay = [ne Мам) c0531* = 18.4: 571 (pickup Truck) 


$-3 
А A poly conservation of momentum to the collision 
Vay = š -\ Уо =0 N =? 
a = 500m $ BA Mac l00w. 57! Y 
— . YA L-2 — 
Mp = AXIO 39 кз 
Viel fV 
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$ -34 ( cont) 


Pix = Ру 7? Wa Vay * Wg Vg, = “a Vp, + Wg Vga 
(210725) (SOOms) x O = (aX107 wa) 00w.$-1) x Cla) Vga 


1.00 Xo: w$! — 0.20 Кам ‹5-! = P 
= 0.0 m's 


N94. = \ka 


Neg conservation of energy Хо the Subsequent motion of the block after the collision: 
— Vi = 0.6057! A5 20 


< 5 


Worker = Wg = -Ww waq s 
Wother = К.-К) + u. Us] 

Let Ugrav = 0 at Ае surface > Uj =U, = 0 

K, = b wA ) Ka = 


= -pumgs = (0- му) + (0-0) 


+ 

2 -| 1 
a Os _ vè _ (gws!) _ 
Bugs =+ wy, => BK = 45 ^ 4(4««s)(030«) 70:163 


b) For the bullet : А 
Kay = i^a Va, = % 2110 kg) (500 ws-) = ASOT 
Kaa 7 Ama Van = 5 (431072 кау(100м.-!)^ = 103 


ЛК цеф = Km- Kany = 107-2507 = - 2407 (decrease) 


Q) For de block , 
K = Kwa Vg, = k (kg) (0.8 w.s-t)2 = 0.327 
(Note hat rhe collision is hight inelastic. The bullet loses 1407. of 


Kinetic energy, but only 0,327 15 gained by the block. But momentum 
Was бо, iw rhe collision, Al of Me Жайы lost by the bullet 


Was gained by the block.) 


$-4\ 
Fink Ahe force constant of Khe Spring * 


Foor =X 
T >. V. = ma 
3 ү ОШ y 
k= Q p jm hx 7 wo = 0 
h = md = (0.20kq)(4.8 m:$~*) — 13,6 Nem": 


ma X (010m) 


Next find Але Velocity of Xhe putty ust before it strikes the Frame: 
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3-4 


0 
7 м, =0 Nt = ye + 24 Q-,) 
| Y-Yo) = 0,30m 
y À = Ф,$ю.5-® NJ = f - y») = fA 3.573) (0.300) = 4, ЧД м. 571 
Are T 


Now consider X€ collision between Ae Frame and We putty : 
Maz 0.20 X9 СУ | Va 7 0925-1 


| 
ма 0.2069 = Ng, = 0 Rex Vv, 


¥ 
before after 
Pw = Pay 


Ma Vay X Mg Vg, = (marme) Vy 
(o aoka) (4.42 м.5-!) = (0.40kg) Ny = Va = 1.2 wes! 


Finally \ apply energy Conservation +o the motion oF +e frame + putty atter the allision: 


The Spring force ond Gravity do work = Wy =0 
\ К, ` Vy = Ka T Va, 
h=? 
1 = 0 


ааай Let Ugray = 0 at the final position of ће Frame, 
K, = (0.чока) (1s Alms!) “= 0,3433 
K4 -0 


М = Wi spr t Wi grav = А00 м) wal = + (14-6 Мм!) (0109) +(0. xa (4.52) h 
\ = 0.04%у + (3.92 kg vs- 3) 
(Note: The Spring Starts off stretched Q.l0w^ у due +o yhe weight of the frame. ) 


Wa, = М зрее = kh (ол) = (4,8-1) CO. Ls at) 


KW, =, xU, =? 0.2433 4 0.044 3 Х(з.4лка wes.) = 0+ (4.&N m (0. Le ek) 
0.34| x 3,41 V = 4.8 (0,014 0.2), 2) 
0.341 3.41. = 0.049 + 46V tA 8 


а. ЗХ LAL - 0.243 = ü 
Use Me quadratic formula => ъ= — [vast (a6)? x 4 (4.8)(0.243) | 


h =0.10m £0.20m = h=0.30m (whew!) 


%-45 - 
ку Nng tms Mio u$", _.- pus Y 
š b 
с> , o | б 
мъ 2.510 Ка Ng 050 


TESI Final Ü Мал, = 300m:s =! 


1 4 


4-45 Lunt) R^ 2 
CowsexNoXion ok \\мед momentum = Pi =P (Pix = Pay and fiy = Pay ) 


Pix = х ә Ma Vay + Wg Veis = Wa Unay 4 Wg Veax 
(4.5 x10% ks )(00w.s7') + 0 = 0 + (0.10k9) Vg, созд 
Мел C050 = |0м:5-! 


RY = Pay =? Ma Vay + mg Vary = M Vias Y Wg Very : 
Ox O = (0. 10ка) Vg, Sino – (2.5XI0 ^ ka ) (300m: s-!) 


Nga Sind = "he Smis7! 


Nga Sing _ 1.5.5! 


Divide One €4 now by We other = Уа. (058 - lOm s^! 
tan 9 = 0.15 = 0- 36.4”, defined as in He sketch 
Then Vg, 050 Ow s^ => vg, = 1Oms у, 6,51 


b) To answer Ihis question Compare K, and Ka (oc We Syste m: 
\ A 2. B 
K= x WA Vay t Eme Vei = + (2. 510759) lyoom:s-)*+0 = 2007 
Ку ama timer = 5 (4,6107 3ka)g00ws- Y t $ (010k (1А. £57) 232€. 837120 T 
NK = К-К = 1507-2005 = -309 


The Kinetic energy decreases loy $03 as a result of the collision ; the collision 
\$ wot elastic. 


4-99 
бө! momentum conservation in Me xy- plane (see Fig. 4-\%): 


‘J 
Pix = Pay => WAV, = YA > Cos V0" x- MV, CoS 4 5? 4 VA Vy Cos 30° 
BOK ms) = (1.6109 м. 5-1) Cos 10^ + V, coss? W cos 30° 


\, 52 Xl0* ms! = ^f, cos 46? + ^f, Co 30" 


Ply = фу > O= Á Psinlo + Wry sin ds? — WC Vq sin 30° 
Q = (1.5 хле м: 5-7) siw10* 4 N sus? — М, Slw30° 


1.00% 109 meS! = - v, sw 55° Y, sin 30° 


Add Mese two equat lons у awh Use Xa sin4s? = Cos4s? 
1.18 xt w.s7! = Vy (sin 30" + cos 30°) — Vi = 30XI0*w. 5-1 


` ` ` ` ç ` An .30 © `$”! 0° 
The Hest equation Phen implies v= LEMNO mS Tw ——— — ыыы мез | „ 5, SUX|0 ws"! 


A ogly moment Ww Conservation U^ Ye 2-plane: 
it = = > О = ^e, Mg, – “ke Vice 
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%-49 (cow) 


MBa 13X I0 kg _ 
Уух «| Mkr ) Van - | \.5х107^°кд ўл, = 1.53 VBa 


(We Cont soy wher Мезе velocities are, but they must satish Mas relation, 
i \ 
Whar Vig anh Vga individually will be depends on energy considerations.) 


$-5\ 
À K = kwa мәә 


— 
и - Mav x wg V, 
A Ma x wç ) V x g 
Let's write out the terms in the expression we wawt to prove: 
12. — — ә = — — 
мА = kwa (Va-V )+(Va-V) = X Wa (Va + V LANA V) 


— 


(We have used that for a vector A A*= К.К.) 
Siwi\arly, " in "n * 4 a =$ 
A.N, = a s - ү), (Vg - V ) = 5 e ( Vg rV cave. V) 


2. ` 4 = — -— 
> simp Va” ү mg Via = AMAVA x img a Marg) V — V (MAVA tMg Vp ) 


Е — Ti 
But Marmg = M and мам Уа = MV, so 
p 2. 
мА аме Ча = ма + мра x EMV МУ 


Awd 
1 A 
A git kaa Ug r EMN = EMAAR + мум + EM- M + МТ, 


50 Ае expression given I equal 4o К. 


b) Ka We collision MN \+ constant => + MN \$ unchanged. | 
The asteroids can lose all their relative energy, but FMV must remain, 


$-53 m 
a) 6404-35) NENE We dS) - 9% 
Neglect gravity = set 9- 0. 


- Lus. + „ 13,000. _ |. 
NV, = 0 = W= Ve An ( =) = Ne An aa куар) = |.34Л 


(Note: m is the mass that is not fuel, his is 14, 0004 -9000kg in the 
Sics} stage and 1000ка – 150 X9 = 250kg lw We Second stage.) 


Q ve ye у (RE) = Ve Алооо ку] = 18V 
(Note: Ww < +0009), 4000 X9 of first stage Fuel has been burned. ) 
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4-53 (co Y 10098 
à = NS x Nc os C) = k WYy үү Ne SME Ye HSIN © ЫШ 


(ACiec the first stage separates Yhe second stage is left with an initia 
velocity OF VAS Ve, On initial mass of 1000 ка | Q^ À mass of 250kg after 
AN Хе Luel has burned.) 


Ñ A = Q kag” 
$ kya $^! 


м À wees" _ " 
\72 2.51 Ne = Ne = 4.67 = "E — 3.12 Км S 
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CHAPTER q 
Exercises 35,7, Ws, Uli 14 l 13, 11, 19,3|, 37, 34, 43, 45, 41, 51,53 
Problems 55,57, 01,65,67, 64, 11, 13 


Exercises 


4-3 
0) Uk) = (Avades JK + (o.05vad-s-3)x? 


WH Ag = arades-' + (0.15 ад. 5-3) k* 


V) k=0 => W=W, = Lrad-s-! 


с) k= 5s 2 W = 4val s^! 4 (0,154. 5-3) (s.s) = 04:57 x 3.15vad-$7! = 5,1 5vad: $7! 
Bo 

bt 

K=0 26-0 

K= Ss => B= (2ай!) (55) y (0.05 cad: 5-3)(55)? = |0сай+6,15 rad = 16.2 cad 


Way = EE = 2,1 va. $^! 


Way = 


BIA) = acb£^x ck? 
_ 40 _ 1 
—— ш Lbk 4+ 3ck 


= Aw _ t 
ys = arb +6с 


422. | 
d) Wy = 1000 ve (19/605) = 16.7 reves Q) = Wy + AK 
W = 400 хем. wie! (\ win] 60s) = 6.67 revs"! о 29-7» . b.bTrev-s-!-16,7 revs! 
kz Ss k S5 
«21 A= -2.00 хеу.5-2 
0-0, = * 0-0,- Wk + ear 
8-0, = (l6 Tvev.s-') (5.9) x35 (-2.00 reves") (Ssh = $3.5vev-2S.0rev 


0-8, = 54%. 5rev 
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4-7] (с с) 


D a сре р (о = Qo + aX 
= u0xev ww! = 6.61 revs! $ = 09-79 _ O-bibT yes 
à = -4.00 yev. s7} ш 
z? 


—1. OO0rev- e = E3345 
(Note XWak consistent units were used, so that dhe Answers would come out in 
Хе units indicated.) 


A-\\ 


A у= о, but inthis equation w mast be in tads” 
P NODE ET. ім N _ p" 
ш = (sorer iue СА) | 105557) = 18. 5 rades- 
MHLW = (0.015w)(18.5 2.) = 5.4 ws! 
b) vstu eee E 0,60m: 5 7! 


c Жы. MEA C 2,0 rads s^! 
In yaro Me units of w are mieri) 


V 
Conver Ke unts of w to yev-min EIE (ач wpa: s) ký- 224 течки 


4218 
À осї : 
Fly wheel Starts from vest = W= @, Z 0 
Oy = Хох =O 


Aye ха = (0.30m)(0.50¢ad:5~*) = 0.15м.5-2 
Ф = [дї x at = 015 wes? 


8-0, =\20° 


AT rad 
о-в, 110° (rs) = 2.09 rad 


Calculate W, because need it Xo calculate ay 
5-9, = 


b) 


..04 со.д. 0 
„= Ó w= өх Ra (ө -8,) 
A =0,50са5+5”*^ = 2095044 $7*)(4.04 ead) 
= ? 
ы = xç W= X5 гай, s-i 
б = го^ 


= (0.30) (4S codes!) = 0.631 w. $7? 
À Са = 0.\5 mS >) AS iw (a) 


б, = [ү Аб = (0.631957) * (0.15мв-)` NEL 


74 


c) 9-9, = 140° 
0 T 4. ч 
0-0, = 240° PE) = uia eod Wr = ui^. да (6-6,) 
= Ü 


Wo 
o. = 0.50 ca. ç > (о = До. вос 4.14 rad) = 4.05 rads! 
i= T 


Ау =Tw* = (030m) (2.05 ved. $7) * = l AG. ç > 
бүү= са = 0.15 mene (as in (a) \ 


= là 1. 
À = J vA = (1.26.52) 00.15.50) = 1.27.52 


The Aiagowal of We Square has length 
À =o.5m)*+(0.5w\* = 0.707m) so the 

Aistance From dhe Center to each corner US 
A = 0.354m. 


A) Eack mass 1S 0354m Erom Mis (xis, 50 
L= У, myr? = 4(3k9)(0.354m)* = 50kg m” 


I 0.50 
V) Each mass is oa = 025m From this axis, «o 
T< `.va.ac*> = 4 (3kq)(0.25m)* = 0,715 кам? 


4-14 
Te L,wr* € T= Ta, + Ispokes 


l7 MR™ = C0) (0.3 м)‘ = 0.090 кам (The vim is a thin-walled 
| N hollow cy linder, ) 
Vs воке s = 4 (хх ) (Each spoke is a год of length f- AR. = 0,бух, and 
We axis is at the center of each Spoke. ) 
[spokes = 4 s (0.40 kg) (0. 6 w)* = 0. 048kg m? 


Thus T= 0,040 kgm? + 0.048 ko? = 0,138 kgim? 


q 0 


4) aia Жена, The wast distribution about khe axis is 
AWAS |з We Same As Lor 6. сод, with Ае AXIS 
ag ET hough Us center. 


>T= mh" = = (14g) (0.3m) ” = 0,1% kgm? 


v) 
Bs formula for a co. agam applies) мом with 
= 0.4m, 


T= tame’ = ty (ag) (04m)? = 0, 32 a w* 


C) Y com Fig. A-7 (b), І = w a b?) 
T" 1 = (2ч | (0.4 мух + (0.3m)*] = 0. 509. m° 
4-11 

a) — T= 60 = (ло lb) (4F4) = 20 £t1b.- 

axis (ж, lb C5 counterclockwise 

КУ 
v) " t L = £x) sin 60° = 3.46€ 
“2 У 
Ln фу, = ЕД = (x0 10)(3.чь$) = 63.3 £1 

Раз 20° Є; Counter clock wise 

c) XIS ~ 4 
` (s | = £x) sin30* = 254 
am N # F 
< NT U = ЕА = (доло) (ast) = 40.0 ftl 
E” 
Сз counterclockwise 
\ 

N \ Le (90) sinco® = 1.13 Ec 

MEA ячо", E^ 

mis c P= FR = (30 We) (73 Ft) = 34.6 #1 


— 161—9 


t) clockwise 


4-3 


4-41 (cont) 
e) 


F 


da mel 


<) ee 


— 
— 


P xm um 


ax wk SN we : 


an) U -(3N)y 
-0.3w) C *(0,Sw)y 


Q=0>T=FL=0 


cy 
ey 


X 
= | (-0. 3000, 5 y ] x | ONT a C3] 
(XY 


\ +0 Nw (FXT) 


— 
— 


— 


eO => [= 9 @ 


хесо\\ Хаб „ 
ә 
CXt = Yx) = xk = 0 
E 
Try =X j х +0, Кх” 


OAN mK + (LON) UGR) = - (о.1Мм) к 


Use Ae Kinematic Information to solve for the angular acceleration of the 


Wo = WORT win! 


k - 105 


z 


(ated Ages E ащ. rads! 


Now b We torques on Ме Grindstone, and apply 2a] Sle 
200N 


W= Wy + dk 
= 9-00. 0-%%1\хлф s 
Dems. 


10 $ 
x= -9.41 rad: s- * 


+e) The wormal force has zero moment avm for a rotation 
axis ak Х\е center of the grindstone | and therefore zero 


Хоҳ ue. The only Torque is vat Aue Xo the friction 
Foye 


Le 
+. = R 


N соз. Ww] Y ool. 
ot = > [= FeR 
Tol Va = J, R= La => 

T= EMR* = 5 (504) (0.5m)? = 0.25 kgm? 
- (0.2.5 Kym) (9.42 rads- _ 

ty Tasa = MSN 
_4 WEN 

J|: = E = LOON = 0.540 

Р 
Q Prosle © 


) but wD must be iw АД 57! 
оо = (Au00ved-ws«-  ) (Anad /\ ves) (107605) = 25] rads! 
aA _ LSW _ 3 N. 

"= pedo er = ИША 


v 2 


4-3] ( cont) 
b) 


For Xe drum We сом => x = 0 
TY 20 $ Loa = I. STR 


3 . 
Tar constant * = 1 = а м 2 4.34 МОЇМ 
Im a= 0712729 
^9 
Су vz Фо = (AS C 154 rals) 61.% mg” 
4.34 p | 
N T = [ Sf 2%“ Loy the Y >) 2i E Le, for rotation 
"1 1 motion of yhe center of about rhe center of mass (which 
l Mss 3. ç - үл dy VS АХ А.е cenher of Jhe hoop), 
: TAP = TR (wa has tero torque) 
I= юй” 
w Ll- ә TRE мА 
Те м Ёа 


Burt a and А ave re 


lated by = A 
> 


Substitute Х\е second е4 into the first > mg -maama 2» A= 9/2=44 w. un 
T = ма = (A kg) (HA mis- ) = 5.€«N 


V) Wse results From (a) for he motion oC Ve center of mass: 


4 > 
W б=Ч.4м-57* Ч-%» = Wk х 5 АХ 
Y — Yl 79.50 _ [RA „ AS 
No =0 (released from vest) L л т Peeks 
к=! 


Су Calculate V of the cm, and obtain W lo 


м, 
ш © 
N= Vy at = 0Хх\ц4м7%)\0, 45% 5) = 2.21 wes 
ws a ELS = 27.6 rad. $7! 
CY 0,09 m NICE AC 
-43 F 
AZ YKw: S 
^37 | \ = мух (eg 4-3 €) 
LN I X2 м Sw37° 
aN д, 
\ | ача \ = Cag) Aa ms (4.8 lm) = 115 kg: м2. 57, 
М; 
- _ Дат 


q 3 


4-45 
Q L =l. Те 259 УМУ = 5kgm 2 (604) (0.6) = 3.6 ka, w^ 
Li= pE W; = (8.6 ka: м2) Sr. A.S!) = 43 кал”, Wi 
e) Lg = Liman * айы = 5а" +10504 )(0.2м)^ = S.H Кам” 


Liz bs е #5 4.6 kgm? 

Tiwi Tew > we =F, % = care ) L5 rades- 2 1.46 vas. s^ 
Ак; = Ty wë = 5 (s 6 C S0 rads)” = 1087 

Ke = Түшү = А (6,9. м^) (1,96 mes) ITT 

BK = Ke- Ki = 1117 - 1087 = 637 


The increase in Kinetic energy comes From the work done by the man 


4-41 
б) Li = lig => Li a; = 1g We 
Lem? = Teme у 1; = wg 
1 
Tars (3 vad-s-') = JA vas"! 


be ve. 
wg Буы; ае ) Wi = 
0) Ky eA о = меи = X (0,05k9)(0. Ам) (34:51) = 0,00407 
3 (0,054) (0-1w)* (14 94:5!) = 0.0360 T 


Ket Tgog = va te we = 
NK = К,-К{ = 0.03607 - 0.00407 = t0.0110 3. (increase) 


c) The work - energy K\eorem Say S W=AK., 
The only work done on che puck is that доме by dhe person 


= Woerson = 50.0113 


q- 5! 
TENET 0.5m ie Е Ls 
0.5 mI 0.5m ы ts due Xo yhe \inear motion of yhe mud. (The 
k. door is initially AX rest. ) 
Lis муе = (0.5 4) (105-1) (0.5m) = 2.5 ko wis" 


t UP (axis) 
Le \$ due Xo Xhe door + mud Yotating about the hinges with angular Veloaty w. 


Leg = Lage We 


Lit Tore t Loud 
L hoor = b 17 = 5 (50kg) (1.0m) * = |6.1кз.м^ 


Tund = мү = (0. 5%9\(0. 5)“ = 0.115 kgm” 


> Ty = 16.9 м^ 
< Ч 


— 


LIT > We = Ty, De E kgm? 


AAS 
(The moment of inertia of the mad 15 SK 100% = 0.17, of He total. } 


4-51 (cnt) k: ам. 51 
t 4, 5°% YA $ 
Я = 0.149 rad. s! 


4-53 
a\ Find Ме amount of Kinetic energy stored in the gyroscope when it is up to 
speed : 
kailu о w akka o 
w = (900 cer: win!) (ао cog) V 557605) = 99.2 red. s^! 


RÎ (дз) => T = X (50,000kg) lam)? = VOXI0 ko. м? 


T= Xw 

K-XTa* = X(V0X10 mê) (28.2 rads) = ич? 
e- У. = b < (by the work- energy relation ) 

= Б. WANT cae tos = 44.1 min 


=> k= P ^ 746X104 W 
v) = T (eas) > [P= 0 L 
k = То = (1105 kgm?) (44.2 vad: 57) = 4,44 Х10° «9. м^, s7! 
ле ¿AÍ атто _ P 
ү = | *& — = 0.0115 rads 


T= LL = (0.0115 сод.5-!) 14.42 Х10°%а.м^. 5-1) = 1.65 10 5 Nem 


Problems 


4-55 
The cove yadius is Ме radius of Me earth minus the thickness of tke 


mantle => 6.38X)0°m — 360X108 m = 1.1%1!0°. 


The mode | vepresents the earth as the Superposition of two spheres, one 
Sphere with Ahe earth's radius and A density i S. 0 Xl03 ka. m- 3 aud the other 
wiXW yhe core radius and a density of WX 10° kgs m-3 - 5 X103ks m-3 = bX 107 ko: m= 3 


The volume of a sphere is im E. so the mass of А sphere 15 m= FaR p. 
The moment of inertia of She earth lw this model is the sum of 
Em W^ foreach of the two spheres. 


= T= F (AT (638x10 m)? ) (5.0 10ка жс 3) (6.3# 105)“ е 
+ ($T (2.18 х0)? ) (6.03109. 73) (2.78 х0м) 


T= XE [05.0 xis (6.38 09м) + Co. 0xt03 wg 73) (4:78 10“) | 


T = 4.02 X10?! к.м 


$ 5 


- 5 cont 


Now express Msi keras of МВА of the earth: 


МАХ = (5.9¢x102%Kq) (6-38 x10%m)*> = 2.43 Х10 kg. mm 
37 2. 
= T= MM = 0.371 MR 


The satellite data gives L= 0.3308 МА, So this model is rather crude, 


Note: The model Was been chosen such thet it gives the correct value of 
Mi che mass of the earth: 


M= XT (6.38x10°m) (6.010260 873) + $ т (2.19 xi0 m)? (6.0X102 ка, m- 
М = 5.9% x lo^ мад, which is he correct value, 


4-51 
à wnk 
we «000 T (The Flywheel Gives up energy.) 
Ke ale? 


Wi = 300 verimin! (119 / cow) m 605) = 31.9 rads”! 
К, = X Tol) = X (д5кам®)( 3tu саду = V13 510 "7 


W = к; - K, > Kç =W4+ Ki 2- 40007 %1.13Х1017 = 3. 3xI0 "T 


Bs | ($. 2x03) 
К; = X Тш = We = = = a ea = 15.8 rad s^! 


V b0 s 
We = (15.8 pke cerro pes ) = 146 хему. min ^! 


Ss 
=) 
\\ 

\\ 

? 
*|Z 
М 
n 
o 
© 
© 
a 


Worker = WH, = - < YN À = px" 4 
Woxher = (к, <.) + (Ma-Uy) 


K,=0 , 
д К Xm emt тте 


W= * Lor yhe pulley) where WJ is the velocity of each 
block 


> K4 = (my emg t T/R?) ay* 
Lek U=0 at She final position of block В. 


Thus  - pimagd = Urbem Ta) v*-0) + (0-mg gd) 


$6 


A-b\ (cowed 
max mgt VRI) ү? = mggå = kwa 3 4 


= 444 (mg -/^k ma) 


mat wg + тга? 


9-65 
Use 2. {= То Xo finda, and then use the constant & kinematic egs. 
Xo solve for X ; 


FAON SMe] ason) (im) = 80Nm 
Im Т= 5м) х z y (2000 = (ам) = 1.0. 4 q^ 
SUVs Le +» к = 97 = $,921 vods? 
олде (axis) 
и Ж °= Brad 0-8, =< Wik + pat? 
= 0 


P ә [ТЕУ E X eak) 
= < 2. w | ws = 1 = 


ү 


Use Kinematics ХО Find a for each blocks 
k= 5 X-X, = WE + АК” 
ENTM A= Б Ы To = 2.0ms~* 
5 


-1 
as? A= Ra > As = MIMS = 10 vads’ 


a) Consider yhe Lorces on Vee block on the table: 


| 5 > dick ex MAy 


10N 


m4 
Consider the forces on the hanging block: 
Vx 2i Fy = wA 
= Y 
п open EB 
ma =44N Ta = v (0-0) = 519 (9.8 м.5-^ -2.0 mss -1j = 39N 

b) Apply 2.| TIa No whe pulley : Ti YN 

The мочу) Хоссе YN exerted v the m tej 


axle and the weight М oE Ае pulley 
bork ack at che axis and therefore 
qive мо Forque, Ma m 


< 7 


4-61 (cont) 
Thus Ts % = X. Q ii" R= (14-T,) R 


_ = BU (A-T AIR — (3aN-10N)( 0.1m) 
TAP Lee Т Б = Toi „(зале 0.145 equ 


1205. М= 20ка Q< 0.2 м 
4) 120.19 w^ A poly У„\'=1« Xo the tly wheel : 


n +) UV TH 
X "PX TMg = 0 >s. T'- T R 
a f тка а 
0. =Q "LE 
block wheel 7» R 


Mg 
| [т 
Apply DF = м6 Xo dhe block : 
pM 2 = мау 3, k = May 
Ү\- M C0.S b= 0 mg Sind YN -Y = ма 
Y\= мао 9 


masin -Mx mo C0. $ 8-T- YA б, 


Use yhe above expression foc T 
=› mg (sind -jx Cos 0) - (Ж i) о, = vw 


wag (Sin Ө -Mx Cos Ө) -" (Sxq)( 4.$w.s-?) (sin 37"- 0.15 cos 37°) 


= = = 
a= т (е T/R?) бка + окат = pe 
(0.4m) > 


v) 1 = (Faa = = 07 an SO (1.47 5-2) = 9.45 № 


oxle MeN TAF = ma +o We linear motion of the center of mass: 
¥ Т. Án = Max 
t 
Ма Kee ly DWV = Te Lo the rotation about the center of mass! 
P» gr- ER у all other forces have zero moment arms for an axis 
ax Mee axle 
Tre do^ MR? < у Since T= МЕ“ 
= №. 


Bur Rasa > е 
E 


Combine Mese two equat ions =» F-Ma = Ма => А> м 
Then = Ma ч N$ Xhe friction force. 


ç $ 


um yt Il L fy = may m 
E Ua X T= ma, =< № R 
So Ме Velocity and radius when the cord breaks satis fy dhe equation 
Tem Me 


А; 


P goly conservation of angular momentum hi^ cal culare how V Changes with R: 
ve Vç 


1-м = v о; = KREWE 
Bar w= ЧЕЗ: 


\kse Ais in the equation for Y * | 
. 2 1 0* 
_ A [QOU ү _ к at n [mi Ri y 
Ye€ UR) = R? > üç = [ 


uva (ms) (0.5) У 
Q. Ы 600 N = 0,144 


ç 4 
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CHAPTER 


10 
Exercises |54, 13 
Problems 11,41,1325, 17 

Exercises 
10-1 Р 

Y _ S. AX 

DUm X — Bw 

Ma akg 


=» X = 


With the coordinates indicated the (kg mass is at X=0 and the 3kg 
MASS VS ak X7 0.Ҷ ум 


о + (3Xg9)($-8 s )(049) _ 9 5, 
(ака + 3kg) (9.90. 5 7?) mE 


The center of gravity is between rhe balls, 0.3 mto the vight of the 
1*9 bal. 
10-5 Р motor _ 
ASS nens | ТЕН idor the Geer da the board. (The 
weight of the board is negligible. 
Mya 
Ny Ny y 25 Fy = May 
T À l YV x Na -Mm 2 0 
à x 
N 


MJ Nit Va = €00N X &00N = [000N 
To Sind where yhe moror sits ow the board use DI- 0, with the axis 
ax XWe \efk— hank end : 


Ce у. Геб => Na (am) - Win X =? 


= ` — к =. 


| \ (am) = 0.8m 


Na _ |400N 
Nm ам =| 000 N | 
(The wokor Vs 0.8m from the end where the COON force is applied.) 


a) Foxces ом XXe strut: 
А, 20° Y X | l 
E + VU Fi. and Fy are che horizontal and vertical 
Ф 
20° A 


Comodnents DE he Lovce execkek on Khe strut 
by ҳу р\чох, 


A 0 


\0- сомї 


LR = may => t. = A 
Use 25 V = 0, with Cr ond Ме pivot at the lower end of the strut: 
n = le, = 0, Ler V be He length of the strut. 
Zs T=0 2 T V šiw зо" = w¥ ws 30° 20 


z cos 30° _ W 2 i = 
UE WU | "ings = 1% ) LINE T: 
Then bhe vesulrant force at e. pivot 1s 
- » 1 L 4 
Fe JV z + Fy = [unas n käi = бг 
ty ыс 0.576 = 9 =30° 
Хоу = FR 0E ~ =, E 


The vesultant Хоссе exerted by Lhe Pivot is directed along 
Ahe strut, 


We could have Known Ais direction also as follows: 

"exe 7. Г=0 with Ае pivot at the upper end of he strut 
=> fr, = (x, z0. Uu Mien v is the only porgue lett, and hence must 
also be eco. But for this to happen the lime of action of F must lie 
Мом XWe strut, so the moment arm will be zeco, 


k" piy ot 


t s 


L. 


X sin 30° 
pM Е = May 
Fy, = V cos 30° 
ashy = MAy 


Fy =w + Tsin30° 


231 70, Oris ak lower end of strat, Cyt 
H = Е, =0, Vet L be the length of the strut. 


The moment arm Lor 1 со530° is Lsin4s®, For ar and for Tsin 30° the 
moment arm is Lows 4s? 


11 


19-4 (cont) 


DP=O = (Ves 30’)(Lsin 4s?) - (Tsin30°)(Lcos4s?) -ur L cos 45° = 0 
Bur sin 45° = cos 45° => "x cos 30°-Tsin30°- мг = 0 


— -———— = 
Te co530°-Ssin30° 7 ACH №7 


Fy 2 cos 30° = (2.13 ur) Ws 30° = 2.37 
Fy= A+ Tsin 30° = ^ (113 л) sin 30° = 2.37 


Е = + = (2370) + (2.310). = 3.35007 


Ey .31Ar 
Хом = р = B -.02o0-2us^* 


The resultant Cocee exerted at the pivot is divected along 
we strut. 


Pivot YT 
T S \w Part (o) We Caw See at Mas Fore must ave А, 
hiveck лом у by Considering 23 7'=0 with the axis at the 
3 MA upper enk of Me strut. 


10-13 
à) 
0 = (зм\9и37°=1.805м — 
(moment arm For Y. ) 
X N p” Ra = (4.5m) sin37°= 1,10% 
„= (4.5m) Sin37°=4,708m  , 
E UX ii (moment arm for Ру) 
+ 
Cr Ў = Fda - FL, = Gr) (алом) (зА) (05м) = 2.71 Nem 
v) ‘ 2 m | 
*, x \ $i - (3.0m) $in 37? = V 805v. 
ç N. VES (Sw) $1n37° = 0.303 m 
51% sr N ° " 
—30m— O У>У\у=%\-Ы/, = (39) 0.805 м) 
sm —(3N)(0.403 m) 


TS = AT New 
ce) Eq. (10-6) BI" = LE Coy any AXIS. 
| = (Sm) Sin372= 0.903 m 
w NE = (0.3024) (3N) = АЛМ. 
—\.S5Sm— 


The results in (4) ond (b) are equal , and agree with ea. (10 - 8). 


47. 


Forces ом he bar: 
Ay and Hy are rhe components 


1 \\ 
Ls i А of XWe Force exerted vy 
XXe hinge ow We bar, 


Y, hw The components of Xhe Force 
А , А of yhe bar on We hinge wi 
со59 = Ser 9 0236.4 v be equal and opposite. 
Note erat Where is мо Friction at А. 
Р i" =й, => \„=@=6&0М 
з. 720 у pivot at B. Cot Lek the length of the bar be L. 
Ou со509 - AL sino =O 
ел P___GON _ - и" -" 
{е PEE) = ye qas = TIN = WV ETIN 


Noe: W. ^ _ 
i p ^ Tan} = Wy Е 74.4 № 
|t -= so M Ves along the bar, 
VA У. (20 ax AS ú must lie along bar. 
"a 


Forces on One end of the Swing P cavae : 


YA, and YA ave che normal Forces exerted by the 
ground on each side piece. By symmetry Yu = Na. 


19 -24 
a) Consider rhe 
y 


L. 


aay 
pA - MAN 
" 7 MN, + Viz. -\S60N-120N - 130 N = 0 
Nyx Ya =\800N > T, = Л, z 300 N 
1660N 
yhe side pieces : 


b) Consider the Forces (and orgues) on one of 
Ti is Phe Force exerted at rhe hinge by the other side piece. 


T is He Xension ivn Me Wovizowka| «ой, 
УГ 0, Gr, pivot at hinge 
(3.0m sin30 = 0 


T (an cos 30°) + 140 N (A.S m Sin 30°) - 400N 
_ (A0ON)(3.0msin 30°) – (20м). 5% 51030). — 74 
Y 4am cos 30? тъл М 


9.3 


10-23. 


A) Consider The force diagram Loe the gate. Let Ñ and B be the forces 


exerted at She hinges. The problem specifies that A has no horizontal 
COw. ponte. 


d Шс АГА 
< Lh = wa 
Q By х Тім 30°- 400N = 0 


L. Fy = may 
By = 1 соѕ 30° = 0 


Є is 0, pivot at hinge B 
Ay, By, and By. have zero torque 
Ces 30" Jw) + (Tcos 30°) (am) -ar (2м) = O 


Note: Tt is Simpler +o cal calate P 


For each component of T than бус T itself.) 
wre MOON чау “=МЕН! m 


— = = ЧМ 
Цу 51130 + w Cos 30 EN 
b) By = Tcos 30° = (214N) cos 30° = 186 N 


Dh 


pr=400N 


д Ñx By = 4OON-Tsin30° = 400N - (214N) sin30° = 293N 


10-25 


A) Find the location of We resultant normal force fov 0 = 15° : 
<N V get 
КУ 


Note. Consider Zale about an axis where the m force 


\ime of action crosses the bottom of the block. 

Tw 70 and (4, 70 foc this axis, Since yhe lines of 
action Soe these Forces pass through the axis, 
Bur Shen XLU ZO implies [h =0 also, so the line 

te of ackion of YN must pass through this point 

0\50 as shown in Ke sketch. Let X be XXe 


distance from rhe left-hand edge of the 
block +o yhe line of action of Y, 


E norma | 
Force. 


The distance X Can be Cound Leow Simole geometry , 
aS Shown inthe sketch. Thus X= 0:145m-0.067m = 0,05 € v. 


N 3 
Y) Find Ae angle when starts Xo sh ke : \ 
\ Ses 
\f 


ane! 
Q Sm < A 


Starts Xo slide => $ = “5 N 
pss! 
L Fy = may TAF, = may n 


YN - r cos0 = 0 МГ sind “Bs YA =0 
YA = Arcos 0 M sinB -Ms M cos Ü =0 


4 


10-245 (conr) о 
tand = As = 0.940 0 = 21.8 (for Sliding ) 


Now find Ahe WAT where the block starts +o tip : 

Starts to tie > ^\е live. of action of üt passes through the left-hand 
edge of the block. Consider LT =0 with the pivot at the lower lef4- 
hand Corner of the block. M =0 and G =0 => [2,50 also, and the line 
o action of AY must ASS through Mis" point also. 


0: 12.6 
Хам = баркы = 0.5 2 0 = 26.6" 


(angle where tips) 


9 = AN’ Yo slide ; 16.6? +o tip over 
= slides 


C му 0.60 
Xo slide: Хамд = мс 70.60 = 0 = 3l.0° 


to tip? 0-266" independent of Ms = now van dia шег 


10-31 
N Force diagram for the door: 
Na | Ng " Lh = May 
X Nat Ne = А = 0 
Wax Ne = ZOON 
Hat Fy =x Nat Ng) = (0.5) (жоом) =400N 


? 
i 25 h =, 
P- fa- dg =0 => P= чору 


Ll0, C" axis at wheel B 
PE 5, = ra = O 


2;U 20 =» м(\м) - Na (Am)- ?(\.5м) = 0 


hm 


Nyt Y, = S00N = Yg 2 700N 


b) The Torque due ko V causes wheel А Xo Send to leave track. 


Now the distance of Р below B is the unknown h. Wheel А just 
\eaves Хос — Ty — 0. 


4.5 


10 -11_ (cont) 
Y.U-0, Gt, ants at wheel B 
=> pr im)- Pl =0 (since Na 0) 


SOON 
k = e e) = (ооо) (Wve) = 0 


а 6 


CWUAPTER V 
Exercises 5, 1,4, WAS 11, \9, 43,25 


Problems 24, 31, 33,37, 41 


Exercise 5 
‘eS. ALL 
23M => Y = £ = 4 5 = 0.333 5 
ше amt anlat) = Mars 


_ th m k » 1.00 Nem”! 
-| ~ 2 ул = аз * (nd = 0.566 к9 


al. А k 
Q Мады Уру АА — Vw (К^-х?) 


^J — Vmax when X20 => Vmax = NLS 


\ 
Use f Хо одаме | Ж : к= = > [k = с 
Then Nmax = ле А = on (4 s) (0.15m) = 3.17] m: s7 \ 


b 
-y= må c б=- x К 


A= Ono, when х=®А => buy RA 


Bur J est; => k = UTS => Amay = AEST A = unt (Ч 67) (015) 244 Toes 


KX 


Y -kx= мА = A=- 7m = (anf) X 
A =-((элучщ+] ^ (0.04) = - 56.9 ws 


Swart и? = “ERA 
4 se L T s - 
"TE: Ë: (Mox?) = + amt JN? = ® m (nto) (9. (0.04 J^ = 3.0571 


д х= Мело, k =0 Z X=0 


14. cm = |5cw. Sin (Элу & X) 


_ m AL \ _ 
ЫК = Siw ee) = 0.9271 
0.921 


k = ar (чн) = 0.03015 


Vo --6ws-', Xo 7 € 0.1 


N= 1 


Conservation of energy => +w + thx = + јад? 


ú 
к=] 2 = S (w i)" r LAN = 122m 


„= -\ 

з= k. = ло = 5,004.57! 

В, = tan (- c tect E s = kaw 6) = $0. 5* = 1.41 rad 
et 

С = муру = АА = 5 (1оомм-!) (аам) = Tua T 

ЦЕ =" 


Y = Acos (о 4 9,) = (alm) cos ( (55-1) reu] 


WAN 
d) ha (d= 0.1m) 22 Fy = May 
МА - ма =0 


y - 
aco Iw] La k= Ma „ Oa VA mS) „ямы 


X 
ms 
w akg 
ce) т = on [с = \.27 5 (longer by a factor of ES ) 


\\-\$ 


_ PsVMSÍ U 


From the Store ment of Khe problem, at equi librium We spring iS 
strexchedk a distance A=0.5m. 


had ^ 
Ts Ts Fy = may 
a=0 k A - ma = 0 


_ alai LS a  _ _ 
mg T alee bee — = TNA! 


A) Ua, =O Woy We choice we are told to make tor the zero of 
gravitational potential energy ) 


4 q 


\\—\5_( wut) d 
spr = thy y ak this Point Xe mass is \=0.Sm below equilibrium, 


50 Khe Spring is stretched 0. 5м 40,5 м = |. О м 
Usp = X (784 Nem-") (Om) = 34.27 


K-0, Since ^£ —0 when yet 
L = асау X Aspe + K = 34.25 


b) The mass 15 А=0.5м above its lowest point 
=» Ve aeos = mgh = (yka) (4.8 w. . ç$ 22) ( 0. 5м} = 14.6 7 


The Spring Is stretched 0.5m 
=> U sov = hy = A (73.4 Nowe!) (0. Sw )^ = 4,90 
Kemah qe y -fk a ot Ms point 


\ 


=> k= tm (EN) = Ае Qe) (0.5) 24.3 
е е U grav T V. sor х K = \4.6 T+ A8TAVLT = 34.2 T 


Q The mass is 2ZN=1Om above its lowest point 
=> Ugra = mgh = (uwa) (4.4577) (1.0m) = 3447 


The spring \5 unstretched (the problem tells us this ) 
=> xp ZU. 

Nx х= А v20 = K=O. 

t = Waay + U sor LY K = 27.2. d 


Note: At each point in the motion the total energy Eis the same, as 
yequaced by Conservation of energy, but how tt is divided up Among 
Аас у Usor \ Aw À K changes. 


х= Asin 


ws 


9 cr ) (360°) = O60") = y 


X = (0.4m) 51и 72° = O.190m 


44 


\\-\д 


——— 


ticks four times each Second | each Kick is half a period = *= 0. £ s 


a) Yaw tim — Í = wQ” = (0.107 5а} (0.015 m)? = 1.8 1077 Ка” 


v) т= an = 


„(тм amy -7 Lh 
v “(ж М (Р) = Cote (SEY xenon ym 
We 259 " i 
з got 
L б ащ parallel -axis theorem (eq. 4-22) > T= L. + Мі, 
| Te emit Мт (Б у= demit Us e) 
4 2. 
T ugs w L 
+ L w L^ L л TL 
- LLLA = 43 — — |— = 
9 team [чк = an Er = эл [к = атта 
W445 š 1 
| k. _ [900Nw-' — (5%9.5-1) _ - 
А о! = k. _ uw = 0.4kg ц (o.ukg)* — 1.6.7ход+$ | 
! «Trad. s- 
kk a а ыз. 


2. 
b) critical amping = k -2 =0 (w' = 0) 


a) e uhm => b= x [hs = 2](300N-m-')(0.4K3) = 21.9 ka. $^! 


Problem S 


\-24 
a) We are aiven information about V at д particular X. The expression 
relating these Two quantities comes from conservation of energy * 


мл hx’ = RA” 


we are asked bo calculate the period, which we know 4o be given 
by T= m . Ne see thet we Can obtain PX From the conservation 


of energy equation, and then use ib to calculate the period. 
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AAA. (cont) 


r T `a 
муха х = ahh ә [à = T 


m _ -X (0. \0m)*— (0. 06 va)” 
T-41]k =aT B = 4m TET" = 3.096 


b) Need bo relate V to X | use Smut t chy? = > J A? 
- a mA 
= X= А ан w 


а уа 
Need ` «For (a) s. ы zc. , Use Mak w 20.2uw.s7! when X= 0.06m 


=> (оом) 00:06) Lp 5 


(0.34 м.5-1) > 


Then x= nma (0.11452) (0.12м:8-) = 0, 0416 ^ 


C) ” Very sma\\ object" 2» doesn't alter Ale motion of the block. 


For *xhe block -hy=ma > a=- h. x 


= а= SA = Tue ( since + = 0. \\\s* from (b) 
б = 9. 430 w.s^* 


TE Xe very small object doesn't slip (+ must be able Yo be given this 
much acceleration by te static friction Хоссе. 
Forces on the very small object: 


uc ma — (лох L Fr r Е may 
Js Te As ma Ms 94 = У мах 


40м.5-2 
“мд А = ш = 0:205 = 0.0919 
\\-3 
Kore We need to calculate the time ik takes the 
dock oi raft Xo move from X= А jo X= A- \.0 f+. 
= bs) Use X= А соѕок = x= Ñ at ¿k= 0. 
“Маҳ yhen is K when x= A- Me: 
|. we ant = x = х= Acos (an k) 


x= A-10Ff4 = 2~.0F4-1.0F4 = 1,054 


ko $y = (2.084) cos Boe K) > cos (20-4) = 4 


5. 
ATE L.X. x N {5,05 
eos 3 k= dec am = 0.3335 


| 0l 


\\-3\ (ом) 


this is the time foc х= А to x= А-0, 


But people can also get off while the raft is moving from 
X=A-\.0f% to X= A у this motion also takes 0.9335. 
Thus the people have 2( 0.9335) = |,Ь7$. 


\\- 33 


0) Уму» ух = ERA, where y is measured from the equilibrium 


position of the hanging mass, 
equilibrium => ү =0 > Amy? = +h А? 
М = k. A 
YA _ at 
Use yhe Known period +o calculate [e j T= an fe | — т. 
Twas у= SER = 200040) 2 oo зм, gt 
b) | X maz = hy „== ü 
y=-0.05m—> a= -(E) (- 0.05m) + ERE) (0.050) = +0.443м-в-4 
down ward 
с) *4 LJ Y= -0.05m x 


We want +o calculate 4,-4,. 


y=+A ak &-0 > yA) =A cos(wd) у о = BE 


--L1-- y=0 


k, LJ Y= + 0.05m 


ү= +0.05м => 0,05m = (0.10m) COS | Ai) 
k=0 С] N=<*040w = А 


KT 
соз Ai) =k > BA = TU» 


2. 05$ 
.0S 


IT 
cos (245 ka)=- 4 ә T k, = 2 (120°) 


The Jime v5 к-у = 0.6615 – 0,3335 = 0.3345 


А) Calculate Me distance A Wat Ме spring is stretched by the weight 
с (ТТА ү 9 
of № 


ё hanging mass. This then will be the amount the Spring will 
Shorten when he object is removed. 


Ca JM _ 
ч Т» Т, = WA. - Т - CT Ve | Seom 
EA ha-mg > As 9 jfk = 2 > B= 1) pere my 
к=) 9= GRE) (n1) = otim 
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ч. Ү\ L, K = ма 
X To N- mg = ma 
ТҮ = mg + MA 
mg az- RX =- = - (amg) X 


Lens 15 moving \ Simple harmonic motion, and the ball bearing move $ 
Amg with tk =» Х(к\ = Д соз (охх Ө») = A cos (anf + 0) 


Thus N= m [3- Gor 8Y А cos (эл * + 60) | 


b) bounce — ball bearing loses contact with the lens > YO 
N= = g-(anf)* Acos(am&& +0.) =0 


The smallest Frequency C5 where this happens is when a- (эл) A =0 
so Мах Y 0 right at Me pomt in the motion when cos(a3 (44 8,) 21 
(which is when х= A). 


= о = от) A 


tall 
a) т=п Ís dida (АДЕ) (4.857?) = 3.97 


€) Use a stick of length L= 0.5m. Place the pivot a distance h 
bove He center, The stick oscillates asa physical pendulum. 
We will телге that h be such that T= 4.05. 


e 
Note: T= XT WW 


h= 5% (чох ах top of stick) and T = Ag L^ (ос axis at one end 

= += эл ES = эл [5 Ë; = am Ria PE = es aos 
mi he0 =» T> eo, \_ 

So Here must be a value of h between 0 and 7з that will give 


+= Hos. 
Let's calculate it 5 


\ 4. 2. 
pivot |, Lous - Lem мМ = 12 "^L rmh 
Ji 


lw iw AU 
са "T = AT 2 mgh = А = 
1/2. е \* = A д" 
| | = B UC 
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\\-4\ (« wt) 
^0 Wa edet eo 


Т = 4.05 => \*—( 3.472 m)h + 0.02093 m*=0 


quadraric formula => hE r3 EET = зата) 4 (0.02043 м2) | 


h = \ AtEm *. V9 $1 v 
Bur since Ме stick is only 0. 5м long, must have М4 0.4 5и 
=> take Xhe minus sign in he quad ee ie formula 


Thus W= hASbm—-l.aSlm = S$SXIO 3 м = 0. 5 em 


Note: There is a lot o£ numerical cancellation in yhe above expression. 
We Wave found Anat ћх SXI0 5м => hêz 1.5 х\о Sw, which VS much 
smaller than he 0.02083 мх term in the expression, Tt is therefore 
& Good бюро хк кХ ion to neglect the W^ term in the quadratic equation 
giving the simpler eq, 

- (3,47am) a + 0.02083 w^ = 0 


_ 0.02083 M* _ E 
l> ату = 5. АЧ Х10 м = 0. 5 24 cm 


ION 


CHAPTER 14 
Exercises 3,5, 1, 4 || 


Problems 15,17, 23 


Exercise 5 
Hes. f GOON 
stress = К “рм ° ОКТ. 
Stress 00 „Этте ~ _ 1.0 x10 Ра. -4 
Y = SESS => stram = — -axioo P. = 20/0 
|! dt - 
stxain = T, > pl = Å (strain) = (Sm)(5 x10 t) Ы 2.5 XI0 m 
Bw DL 
“ы, = эже = = — y (strain) = - (0.14) (5.0 X107) = - 4.5 x107* 
1 1 1 
1 > ë 
c ча - ra! 2 | T м ry "d 
: 10 p tm A 5 "мге = 
A=0 [ws = IN тз Тү=длг+ Ta 
му=%%М Т1, =44N r4€N 
w zuAN Т = YIN 


Stres б 
a) Y = сыз => strain = m ma = к. 


SECAM 
| beg E 147 № М an 
Apper wires  STTAm = AY = (0.00% 10-9 м1) (ахо! a) = \.84 XID 
TIE TTC. ru — o i ЭЁ -3 
lower wire: strain = zx (o.00ux/0-* махра) = 1.23X10 


b) strain = + 2M = L, (strain) 


uper wice: №0 = (0.6 m)(L84XI077) = 4.104107 tm 
\ower wire: № = (0.5m)(1.43 x103) = 6.) 5x107 "m 


= Ñ = lat. _ lam)(3oon) — — = 1..5 XI0 “° vw? 


ps LE Yah 7 (axi Pa) (0.1 107m) 


Sx 10-6 w? 
NT ә ç = В. . ICI G.A X10 v^ 


heave = 1.26Х10- м = \.3% ww 
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5 
° 9 1A X10? Pa 4 
—À — A les NL EON Ж 
E N/N, (- 0.3 xto7°m?) /(1.0 X107? м3) = 


\ = - 
he p = 2. 5X0 9 


\2,- \\ Е 
shear stress =A = Е < Ах (stress) = TY* x (stress) 


For owe vivet, FeT(0.25xI07* „ух (ехо?) = 1.18 xio* N 


Each vivet carries + the load, so the total force that can be applied 
vs YCL N) = u.322xl0* N 


Problems 
\4-\5 
Us First calculate the kewsiow in Khe wire at this роо: 
w = (arens-') (amrad /\ ved) = WT rad. 571 


2s г = may 
qw. = me 
T= mlgrrw) z \sxg [4.8 ms- + (0,5м) (чт cade] = 1331 № 


Now calculate the №) thot results from this tension: 
y= TIA a pg = bob (0. Sm (133IN) _ — = guy 10” hA = Lob mm 


ne 10, ҮА C (xin Pa\(0.0axio7 wi) 7 


E | 
equal stresses => Same “A ^ each wire 


TA _ T 
\мм w ы Tg = Xia 


Consider Forces (and torques ) on the bar: 
Y X y 
ЛАТ = А = 0 
Ta 27 => Tar Тр - м = 0 
Ta= 25, Tg aS 


LT -0, C, pivot at wire A: 
Ta (06м) - "X = 0 
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ыт. ( peu (=) ae 55558) 


The weight should be hung 0.10m to the right of A, 


= ¥(\.05m) = 0.10m 


№) equal Strains : 
F/A F 
y -stress = / = Stram 7^ КҮ 


Strain  — Strain 


m c - DOT done a dar 
ы lm? (4X10 Pa) Z омм (1.6 KI0! Pa) Э Te = 7) ( aed I Ta = l.33 Ta 


Rs in (a), Tat Vg = MW, 
Thus Tet l.33Ta =й => Ta = 0.423, Tg = 0.57 


| | T SNAN _ 
Then | again as is (0\, X= (05m |-2-) = 105m ( wr ) = 0.600m 


The weight showd be hung 0.60m to the right of А. 


а Е cos?*0 
Fi € sin Esing cos Ü € ( siwx0) 
b) Shear stress = "WM = A. — Y = ae j. 


C) From (a) tHe tensile stress (5 a maximum Cor cos071 2 920° 


À) From (b) Х\е shear stress \5 А Maximum fov sin 29 = | 
= 10=90° > 5 z 45". 
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CHAPTER 13 
Exercises 3,14, 13, 15,11, 13, 13, 1.4, 31, 33 
Problems 35, 39,45, 44, $1, $3, 55,57) 54, 61 


Exercises 


13-3 
a) gauge Pressure P-Pa=Pgh= (1.03X10 ^93) (4. €w..5-2) (600m) = 6.06 X10" Pa 


Lem FF = рА- А = CPA =le oco. a) Ln Co rey] 
p Pa F= \.07 х\05№ 


№) 


Pa =ATOwmillibars = 0.47 x10? Pa 
A) P= Pq + p3y, = 0.41х\0° Ра + (13.6 x10? корм 3)(4.8 5-2) (0.08) = 108X105 Pa 


9) p= Pat Pg (0.05 = 0.47 X10" Pa + (15:6 Xlp9ko c?) (4:8 ws) (0.05) =1:04X10 f Pa 
c) The pressure in We tank equals that calculated in (o), оч X10° Pa. 

à) е-ра = pa (0.05m) = (18. 6X10 kgm?) (acis) (0.059) = 6.66 x10? Pa 

€) The height yyy, of the Wo column => Sew of. Bo. 

£) The question \5 asking what M7 NaN, would be if the liquid in Khe tube 


was water (o= 1.0х\0? kgem-3): 
hd = po = bbb X10? Pa Ge gauge pressure of Ме gas in the tank) 


3 3 
= 6.66 х\о? Ра _ 6.66x10° Pa _ 0, к 
nds еҷ T (10x10? gw?) (9,952) one k. 
[ or, he s (5cm) = e [ Sem) = 68cm ) 
м 
en T=\AN 
м ILN 
ка eee cem. ns 
М” = mg 
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1210 à 35 re 20 
9 Ls T*+B-w =0 
Q= лу-Т = WN-I)N =1 N 
Archimedes’ principle = B= [water Voti ect 9 
\ [2 _ aN 
=e. = —— st 
мү = м = VAN oh) Pwarer 9 (1.010 29. m73) (4,852) 
Vola = ‚0ч х\0` 1% 
Moby \. 44. «9 3 3 I 
Roby 7 Was 3. = 5.4%х107 Кам (about b times the density 
° "q миң =н of water) 
үз AN | | 
The floating object is the slab of ice plus 
Pre man ) rhe buoyant Fore must Support 
bo. 
B = Punter Vice 9 L Fy = may 
e. B ~ ($0 ka x Mice) 9 = 0 
aap : Pwater Vice Y- (%0 Xa А Mice) = 0 
=> Pwater N ice = 0 kg e Pice Vice = 0 
40ка _ _ чок К з 
Vice = Cwater — ice B 1000ка, 7? — 410 Xa: v7? = 100m 


Q р- а= 


Wp per face ig tem below We top of the oil 
=> P-Pa = (600 kg-m-3) (9.% м. 5-2) (0, 02m) 
P-Pa = WQ Pa 


Lb) The lower face is 10 cv below «Ке top of 
Yue OW and at a depth of em in water 


7» (7 Pa = роди + Cater 3 water 
р-а = (600ko.w-3)(4.€ m:5->) (0.10 m) + (1000 kg: w 3) (4-8 m-5-2) (0.02.9) 
P- Po = 5%3 Pa c6. = 734 Pk 
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13-13 (cow 
cJ Consider the vertical Forces on the block: 
y 
А 
Lx tu Pu and Pp are the absolute pressures at the upper and 
A= 0 lower Laces of the block. 
вк! Төз 2 Fy = way SNR. 

( Py - Qu) А = mg 


We woke Wax Pa- Tu = L Pe-pal- а-ә], where Pa iS aly pressure. 
(The dittecence in absolute pressures equals the difference in gauge 
pressures.) 
-p = 194 Fa - 116 Fa = 666 Fa 
tt Ru a š; 
А = (0.l0w) = 0.01 


va = Vi NOR. = санае = 0.680 kg 


123-15 p 
_ АХ _ ч (251072 Nw’) _ 
E4720) > р-р, = ^R (0.15 m) = 4.00 Fa 
13-Y1 
a) Volume flow rate = у А = vuv? 
Volume Slow cate _ OQ. 9w* s _ al 
N=— ae * n oa © 6, 571%. 5 


b) УА = Volume flow vate which is constant, Thus at this second point 
Ane volume flow vate is also 0.9 м2. £, 


dua Sl EIL 
vir ed tere! uh ы acm I ed xdi 
13714 
a) А А ер\ү Bernoulli's eq) with points | and 1 
! QNS UNUM chosen as iw the sketch: 
| ы Реб р = р, resque; М = 7 
YW. 
| waker ADA, 2 AX pv. can be neglected 
T. (Pi - Pa) reg (Yi-Ya) = Ж еМ, 
5 
= L013X102 P 
à : nn X a./\ adem ) + Pa "n Hassi Ph 
*- 
Ni -\ = Am 


seo water => ps L03 xl0* Ка. w 5 


|l o 


13-4. (leont TY 
I u.05XIQ 
= Ni = ы х 2904-1) = DII 


Y= rem em +2.(4.%м-5-2®)(хм) = 89.34 ws! 
P OSX 9: w 

5 d (w) 
b) F= + = bk 


Tn time N£ Lhe volume of water Slowing out of Me hole is Aviat. The 
mass Flowing out is 


NA SK, The momentum of this mass as it leaves 
Khe hole is (p Avot) = pAn? SX. Tts initial momentum (while 
inside Khe tank ) 15 Approximately tev small) 2» N (mv) =p Av* bt. 


Thus Fe Мул = A = pv 


Е = (1.0310? ка. m-3) (10x10 "wd [88.4 mest)” = 9140N 


13-23 ; 
ve хом First apply conservation of energy to the motion of 
geih 0. Awp of water, From when it leaves He end of the 
hose Wed < ceackes irs MAX mum height, 
K «V, = А + Му 
b 0 
bwy? = mah = Whe agh 
Now apply 


Bernoullis eq. to the Flow of water ykrough the fire hose. 
Lek фом \ be in the water mains, and point 9. be at the discharge 
end of he hose. р 

Р. рач cheveu t ze 

А» А,» neglect the ұру term 

9. = Pair 

waT 

= f-@ = TPM 
Bur Leom he Conservation of energy analysis , 


Sq = 14h 
= qc xg (29h) = po^ 


Q- фас = (OXID kg 73) (4.6.572) (20м) = 1-46 105 Pa 


12-23. 
Ü water ot 20°C = q = 1.005 Xl0 ^ 
Volume Clow vate = Fk 


у X Q PA 
Eq 9-281 — ae = q 74 ch) 


poise = 1.005 x107? Ns 


La 


134. ( cont) 
Ш = absolure pressure at pump => = = aqual pressure at pu 
| = Pressure at open end of p. pe = Pair чы 300 Pa Ë et 


q 
"a X (0.0uw) — (20a 
a "T E | 1.5 m ) = 0.0533 м5. 5-1 


Uk q 1.005105 Nes m2 


k) Ry = 0.02) = 0.04 ; BP = 900 Pa , dP, = 
(pp, and D Py “a Ke pump gauge pressures for " and Ra respectively ) 


Same volume Flow cate — R' Np must stay constant 


Ni DN — Q. SPa 
EX “= E T ) (300 Ра) = 1.49 xt0 Pa 


0:05 


c) T— 60°C = n = 0.464 1075 Nos: mo 


$V a= Dy" p- AV AV 
Kk ^ FR Poe constant m (SE КТ = ( EN 
(the subscript | vefecs to 20°С and 2 +o 60 2) 


‚00 йй, ГЕО аша 
\,005Х(07? N: 5. m ) = otis! 


cal E У: 0.0.533 ws" or X07 3 №5. м 


АГ = md 
Г = e id ( viscous жм force ) 
ГЕ ъи > Ьтлх\ = та 
Write Khe mass in terms of the density : м=рҮ= р mr? 
=> отуу = (е 5те) 9 
2 
A = ^ p^ _ (19, 3 x10 %kq-m-3 ) (9.8 w:573) (41x07 3 ww) = [67 6! 
\% 13 (1005X107? №5. м^) —_ 
\ 3-33 
à Ne = LND = (охо kamt) (ams!) (YU x10734)  _ 24, 400 
" е] 0.357 Xl07 5М№: 5. м- > Ине ы ай 


©) Ма ^s greater Xhan 3000, So the flow is turbulent . 


Froblem s 


\3-35 
1 " c) Tu the torque due to Yhe {оссе on the upper 
Е. | w Cs Walt of the gate, 
E pivo (hinge) 
1 | C W. the torque due to the force onthe lower 
5 — T Walt of She gare, 
Calculation of M (weoate); 
The Strip of width dy and area v dy (L= 3mis the width 
n of Yie gate ) 1$ д distance у below the water surface. 
ay Wence Ae Pressure at the strip is Pat egy. The force 
“мү | ом Ahe strip \$ 
БТР" AF = (Qa teoayl Lay 


The Xovque about the hinge due to this force is Alu =- АЕ(, where 
h=(\m-y) 1S Ahe moment arm. 
= A= - Carpay) і dy 0 w-y) 
The Aota| torque fa on the upper half of the gate is obtained by 
weosa tg À Cy. over all the strips into which the upper half can be divided: 
\m W^ 
PE j А == 1. L Ceu eeayY 0-9 ду 


а — LL ga Pa < Cim) ey Pay = pay? | dy 
I à IDA Im Im 
We toni ees! Sp yh, - sey, ] 


T= cb [es Com) x es GR 90 Ow) = 5 pa lm)? ] 


Cs UL Xe Un’ x x pg (imi? | 


C culation itive) ` 
— Winge The small strip of width dy isa distance y below the 
1 hinge | anà hence a distance (imty) below the water 


Surface. Wence the pressure at the strip is 


AF —>H dy Par ра wy), The force on the strip is 
\m-y | ФЕ = [ 0,68 (imt yl Lay, The torque about the hinge 
due to Xs force is ATM =r AFL, where Ley is the moment arm. 


=» À Ty = [e е9 (амуу | Ly ay 
The Xokal torque n ow Whe lower half of Lhe gate is obtained by integ cating 


Vis 


\3-35 (nr) 
My over all strips into which the lower half can be divided: 
WA im im US 
i th 7 h A u \, ШЕЛ (mty) lydy = Lp, 5, 1% s Leste, yay 
theg f y*dy 
[y = LL palm) +e Leg (im) + FL eg (0м) = Lp (im) + $ po (1m)? ] 


The ‘oral torque is ehti: 5 Leg (im) 
T= X (am) (0x10? kg: w-3) (F8mes*) (im)? = \. 46 х0 мм 


Note: We knew from the start that he constant Pa contribution to the 
pressure at each depth would have no net contribution. (Didwt we ?) 


12-31 
0) Consider We forces on the divigtble : (Note that the tota| masso€ the 
dirigible is 10,000X9 plus the mass of the gas in it.) 


B= fae hy <0 | 
10,0009 B- м9 =0 (the disigible Floats in aic) 
d Qc VS - (10,000 V3 + gas) 9 = O 


Maas 


..N 7 10,000kq — ^ = 0 
маҳ 9 = (10 000kK9+%gas) 9 Rais е 3 gas 


But Maas depends OA ү, 50 write Maas -= (94s \/ 
=> (oic V -10,000K4 - раа; =0 


_ _10000kg _ _ _ 100002 „жа — 
же Raw 7 Pgas |. 44 kg. w-3 -0,0899Kg:m-3 $.33xXlD € 


b) Instead of a lift of 10,000ka, let the Wft be wg, that we маи 
Solve Lor. The volume is wow Known to be the N= $,33 Xl0 63 that we 
found ¿a (o). 


б-м д => Pair V - (түү + Maas) a 5" 


gas = Paas V = Myst = (Paie - Paas) V 
ҮЛ с = (1434 kam- 9 -0.11% ко. w^ 3) (3.33 к 5) - 42160 kg 


(Hydrogen gas is highly explosive, Welium is somewhat expensive but is 
Che mi cally inert, 


VW. 


LEN m Ny Consider forces and Xo (фае On Yke balance arm! 


wood u L brass ч P s 
Way 5 YA b 9 
Yi Ny 


equal OX mS) balanced => The =, 


Forces ом Хе brass: 
pe ty = May 


Q N N b y 
7 o» Tu, + $7 w3 70 0-0 M E 
20 Yip- My 4 = 0 


М. = Mos — B 
Mr MS My 4 N= муд 


Forces ow Х.е wood: 


Mwg 


Then Na = Vy => My 3 = wy 9 
YA ТА 
МА Be рае, 95 рас Lear 19 D megl- SE) ems 
Wb 
Mw = [у бае 
Ü er) 


(Мохе: Ta Ме limit of Paie 44 Pobyect у Mobsect = Mp) 


Specific gravity of wood = 0.15 => Pw =\50 kg+m- > 
0.100X4 


Thus Mw = T- Wasi? = 0.1009 kg 
\$0 kg m7? 


13-49 


The resultant buoyant force acts at the geometrical cewter of the 
Submerged ortionof the object. The weight of the object acts at We. 
cemker of gravity of the object, These two points ave displaced from 
Caron okker in Fig. 13-33 (b), and Ahis gives rise +0 A restoring torgue 
about bhe geometrica l center of the block. 

D 


The block is Floating = В = 39 


Compute rhe resultant Torque about the 
Cewkec of yhe block. B ads through he 


center => P = 0. 
For х\ 5 AKIS ie ma force has moment ATM 


б = (0015m) sin 45? = 0.0530. 
T= м9 


k š 


|13- 44 ( contr) 
Use B= mg ko calculate yhe mass m of the block * 
B = Pwater Veh 9 Мыз = Volume Subwmerge 4) 


“ъ= Ж Vytocw = 5 (0,30)? = 0.0135 3 
© = mg =% маке Vsub 3 = my — va = (\.0 X10? каи 3 )(0.0135м3) 2135 kg 


Thus P= w9 Ü = (135 kg\(9.8ws-2)(0.0530m) = 7.00 Nem 


13-51 
ача The water level in he vessel 


will vise until She volume Clow rate 


who Khe vessel From the tube equals 
\ | Ye volume flow cake our the hole in Lhe 
h bottom. Let points | and 1 be chosen as in 
\ \ Jke sketch. 
eM oS cel -U 3, el 
* WHXLO m^ SU _ layo mèst à 
VASA A У = Na. = хто WA Ted Fs 


Bernoullis eg = P test хем = Pa t Iyar key 
М» А, => tent << x АЛ ‚ neglect the ev," berm 
$7.7 Pair 
Thus Becnoulli's еф: becomes з-у) pv 

Na 


2. 
\х mM: = 
= h > À = «4 = (ohms) = Liem 


13-53 
Sç A = 10cm | А, = Eem? 
| X A Wy A, = Va А, 
NEN А 2 
van CR) = л ете) as 


М> V, > P Pa у р-р, =300 Pa 


Ло find the volume Slow vate out of the pipe calculate V, Ñi j which 
equals Va, Ay: 


Pie жел“ gay = Pat Tere труд 
чт» c kel- V?) = Pi-Pa 
Mya = Va АА =H - V = 


gap" 
2 pV =p- ЕЕ _ 2. (300 Ра) — = 0,447m-57! 
Thus 2. P l P А => Vi 73р 3 (10X10 3kg-m-3) 0 m.g 


\\6 


13-53 ( conr ) 
The volume (low Yate +h cough yhe (pe 1S thus 
ay, А, = Co Tw. 5-1) (io xig м?) = 4. ЧТ х1071 м2: 571 = 0, 0268 м, mine 


13-55 
m HEt = 1000 Nw? => f4-P, = 1000 Nw? 
$ *e3u TPM = P. кезу, + tpe 


cii te 
N, = AR 739872) + EL 


LPa- — 2 (0000N: a C) 
\. p. Кам 3 


Моҳе," e 21550 ms", 
We dow х know US P but it 15 surely no move than a meter or so. Then 


1.4 714) = Ala. 8w.s- *) (iw) = UE we ee 
So iF y -y4 Zim this term is negligible, 
2 (1000 N:m- = 107 ws! 


| alh- 
Thus = va у 206200. = (Ооо? yA 


13-57 E ñ 
he = 9 А 
D z Ку 
NA. = Vp А» = Ny- k Sa sa = Ak zum = + АЛ, 
1 ° ^ 
Wse Bernoulli's e for points | 
1. | and 2 to relate Vato hy: 
сз рау + TeV = Pax ра + k p Va 

$795 Paie MERO — ж Ny = 83 74) 


\-\ = > Vy = 29 hy 


Уу= Va 
Ne = 4 Ns = 2 ghy 
Wa, thot we want to calculate, is related to Pe as follows + 

Reply Bernoul\i's е. № rhe Viquid in pipe E. 


Pc 
uid is stot i onary = MEE V = 0, 


Is 
This \i 
? = Lu 
рау = Pa pA rey 

eg 730 = Pi- Pa 


Е: 
Pair ~ Pe 
r5 


Ja- yF ha) f = Pair у and ке = М, = 


v] 


13-57. (cony) 
кы apply Bernoulli's е4 Yo Points C awd D, +0 calculate Pe i in terms 


от Nes 
Pe * INe * тр = = Po + 09ү} xeu 
Jet» у Po=Paiv => Paie- fe = k e [V - Vp ) 
Ns 7 X Vc = fai ni La yel- d v2) = T e v 
Qux Nc = 4 ahi = Pair 7 Pc = e(8gh,) = 3e4h, 


_ Хе _ 3 e3 | 
va ед eg = 3h, ) 


— 


13-54 
0) Lex point | be at the end of rhe pipe, and point 2 
| be in XWe stream of Viquid, 0. ке ya below the end 
of Х\ е tube, 
xee- Fall => A= д Lo 


No = л 203, = ^^ х мд, 
Na = |А X X95934 


Equation of Continuity = Wire aha, 
peur => A4 = | um 
z 


> 


б Iv Ç 
Use in the above => Vj Ul - ve +49) = 1, = NE cau Y 
a 


Моҳе Shot Xs equation says that v, decreases the further the 
\vquid is below the discharge end of the pipe. 


b) V, = 0м. 57 
IN, ү 


NEL EISE 
Want Yq that makes Take, = ral ELECTA 
(is agya)™ = xi 


W449), = 1b Vj* 


2. 
Aaa > 15 ҮТЕ = = 0.765 m_ 


Ya 9 4 (4. 2) 


13-4 


0) © L Note: The viscous drag Force F is downward, since 
ү 4 yhe bubble \$ ravelin Upward. 
T J 
mg Ls 


B=mg+F (a 20 at Ме terminal velocity) 


Б = e V4 = 317049, where e' is the density of the liquid 
ма = 0\5 = 5 


Tr eg ) where e Ls tie density of te air in rhe bubble 
Ç = тс V< 


Thus Bemgr+ F > Ex dE = Fnr 70g һетит Ve 


177 = n règ (p'-e) 
NN 
(Р- e? 
Y = 0.5 xl9 ^ vv pape 0.15 №5: с e а, p = 1.3 кӯи 3 
4. C0. "M (4.3 м: 5-3) -3 aj "wu 
L ec (400k9: 75 –1.3 kg-m-3) = 3.16 X10 м s7! 
Nr = 3,246 ww. S À 


( Note: The gente Value of P= C aie Mats used ìs Unimportant | 
Since e»? р. ) 


b) water at 10°C > р = 1000 Ком > Ж 005х107 ^N: sem- 2 


-3 NX -1 
_ 2\0.5Х\0 m) (4.85 ) 22 Б 


\ = га M. $^! 


The bubble rises much faster in water, Since water 15 much less 
VISCOUS an re hens in (al. 


| 


CHAPTER IN 
Exercises 1, 3, 4, \ls, 17,19 


Problems | 13, 15, 27, 21 


Exercises 
Wey 
à Te= 40°C ; Тр= 1 
Te = fT. 432° = $ (40°) +32 =104’°F ; you are ill. 
b) Te = 986°F, T=? 


Te = $ Up -32°) = € (4€6?- 34°) = 27.07€ 
Дд Te a ть" 
Vez Vez т ә T= $7432? 


$T--31* => T= -40" 
-40°C =-40°F 


\4 -3 
l< = Л, 313.15 
Te = -191.q7°C => Ty = 7183.47 + 213.15 = 10.18 К 
Te = t+ 454.17", $0 convert the given Te to ТЕ 


Te = FT, 634° = $ (-181.47°) 432° = - 297.35 °F 
Then Te = - 241. 35° +954.7° = + 162.3?R 


-q 


Let Vo 230. 000cm ; T,-0'c 


T=40 C 2 № = 0.024 em 


DL = 0. 02 Сүү\ = -5 š - | 
Thus bz А.У = < = Lo T $0.000em)(40 °с- 10'C) 15 хо C me С 


(Note: T+ was ok to leave the lengths in cm since in the calculation of < the 
\eng* Unit s cancel. \ 


1210 


\4-\ 


The diameter of the hole undergoes linear expansion just as does a 
length of brass, саз 1$ given in Table |Ч-|. 


№ = ely 5T = (4,0x107F(c°)~!) (a. 500em)(200°C-20°C) = + 0.004 em 
L=Le*+ S&L = 2.500см 4- 0.004 см = 2.509 cm 


\Y-\5 
Calculate NN Сос the ethanol. From Table 14-2, @ for ethano| is 


Pe L _ v5SXp?^w _ 


Té "^ Ce" 
№ = BY, ST =(18х107® Cc)" ) (sooL)(10c-35?0) = - 5. ea L 


Thus the volume ot Ае але space will be 5.621 = 6.62 xi07 m? 


b » -5 (o -l 
a) t= 4l, ST = X= oT = Gea (520°C-20°%) ^ LONO (9 


b) stress E -Ya NT (eq. \4-13) 
бамо") (похот Ce) (20% 50°) = 0x10 Pa 


Nore: NY means final temperat ure minus i{nitia| temperature ‚ Here ATis 
negative (the temperature decreases). This gives Л positi ve, 
Corresponding to a pensile (stretching) stress, 


\4-19 
m bp = Већт (eq. \4-14) 
Copper: В = 1. uxio" Pa (Table 12-1) 
B = 5.1 xu" £ Сс)! (Table \ч-2) 
Һр = (xi Ро \ (6,1107 (со) 7) (30°C -20°c) = + 18 X107 Pa 
хо leve. 
142313 


0) Weak the ving to wake its diameter equal Xo 3.004 in, The diameter 
of She ving Under goes linear expansion, 


NL _ 40, 002и Е Š 
AL=L,e& NY — NT = Loa A (3.000 iw) (.1X1075 (сә) =”) ES 155,6 C 


121 


14-43 (cont) 
Y= T + NT = 20°C +55 275.6 C 


y) ÑU S Loa ST 
DT will be the same Toc both, (ool => ALis negative . The brass 
shaft week to contract 0.002in more than the steel ring. 
= -DYy,)-(-AL,)=0.00ain (b= brass , 5 = steel) 
DLs- BV, = 5 0.003 in 


0.002 t^ 0,002 in 


=> (Lye, — hob AL) DT = 0.002 in 


ET жү, da (3.0o0c€) (3X 107 $ (c9) *) - (3.002in)(a.0x1075 ( c*)7!) км 
T= T,4+h5T =10°C -TALC =-63,2*С 
\4 -15 
Call Ahe metals À and В. Use the data given Ао calculate < for ead, 
metal, NL 
DLEL ADT > e= сут 
meral Ñ; о А еттүү = 450x107 $(c9) ^ 
0.045 ст Е a " 
meral Q: “g = "Go.0c Y (100% -0°C) = (, 50х10 5 ( c») | 


Now consider the Yhicd ( composite ) rod. Let La be the length of 
metal A м xhis cod. 


«—L& —9 «— 3004 -L&— 


For МТ = 1100 С°) BUE 0, 065cm 


NL = Мк Хх ble 
Khp = Lada NT 


= М = [Lada *(30cm-La) 4g ] AT 
L 
La aae) = EF - (30cm) 4g 
BL/AT = (30cm) Ag (0.065 сь /100c*) — (30cm) (1: $0XI07$ (с°)“!) 
N^ hp Xg 7 sox S (c)^! - Vsoxip7 $ Cc)?! 


Then Vg l0cw. 


122. 


\4-21 


No = 1000 см? Lor yhe merry and for the glass, 
TA must be thot АУ, - АМ = |б 


mercury s NM, = Vo Bug AT = (1xto cm?) (19 10-5 (c9)7')(100 c°) = 1.0 cm? 
glass + NNçusv = No Blass NV = (UXIO? cm?) Bgiass (100С°) 


DN- Мск = 15,2 cm? => Ne tae са NV, - 14.1 cw? = 18.0 cw 3-15, 2 см3= 2. Sem? 


AN к 2.9 cm” an -5 ү 
T —— = EC е 0 C 
Calas (1xtoSew3) (100c°) 7 ( xio3 eS) (100C*) 18x10 ^ 1 


\Чч-3\ 


Let V, be Khe initial volume of the water, and Steel bomb. 


The water \emperature change s feom 10°C Ао 15°, With the density 
of water ak hese Tempe солее $ f cow. Table 14-3, the change in 


volume of YA grams of water is 

NN = м ( 1.0259 21.0002) cm?-g-'! = w ( 0.0255) cw. 97! 

The initial volume of water, wA grams at 10°С, 15 
V, = vx (4.000 3) cme 3^! 


NN _ (0.0255) см6 
Thus for vhe water Ч, wa Co 0003 ) c gl = 0,02 55 


But Mae cher mal expansion of We steel causes its volume to increase! 
NN 


Ме = 8NV = (a, exl (с) 1) (6562) = 0.00234 
0 
The мех з Vç dhus 0.0255 —0.00234 = 0, 0232, 


` NN ` 

This у, «Wwerease corresponds to a thermal Stress) +he pressure 

must IWerease enough Ху make AV _ _ М? = - 0.02132, 
B 


° 


| Note: rigid bomb > B for dhe steel 15 much larger than B Сос the water: 
Bstee\ = V exio" Pa (Table 12-1) and Bwater = 


= SSK Pet = 2.18 X0" Pa 
(Table \2-3) So Wis is iw fac Xe case. ) 
. = 0, 0132 => np = (0.0131) (4.19 X10" Pa) = 5.06 x10” Pa 


P © Pot dp = 1.0\х10° Pat 506x10 Pa = S.07X10" Pa 
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CHAPTER 15 
Exercises |,3,4, 13,15, 11,21 
Problems 15,11, 31,35 
coe 


energy conseryatin => heat genetated = Kinetic energy decrease 
О = зул = X(500ka)(5w.s-)* = 1. 1097 


5-3 


ü Q= ме C7 T,) = (0, 204) (4140 7. kg7! Cc?) ) (30° -20°) = 93807 
Q 33903 


b Q=me(G-T,) => TaT = we = толока) залет) ^ 304c 


Vn 2T, r304C* = 10*c x 304c* = 32y°C 
(Cu, = 138 7:971, (c) l Was obtained From Table 15-1. ) 
А Q= wc Ст] 


We must Fink the mass of WT SY Г YWat has the same volume as 0.10kq 
of wake ç, YA Y^ P 3 -3 
= 3% he. NP. 2 _ ERN _ Lii exi кд, 
"a = 4.13 ка 


Q _ $3807 ТРУ" 
15-12 Wwe T (4.72%) (138 T-kg-t. ( es) !) = e 


"149 1,415.36 2 ыу ОС" = £536 


\5-4 
Weok must be aAkeÀ to do Ме Fo \lowing : 


` ° -3 - - ° LJ 
ke ak 20°С to ice at 0°: Que m mcg AT = (комо Kg) (0x0 «a (c) (0-04) 
Qice = 20.0 J 


- 3 
phase Transition ice — liquid water: Чез zw = (Loxio kg )(334 Х10 T. ka7) 
Que lig = 3349 


water at 0'c (Crom melted ice) — water at 100°C: Quater = M Cuater NU 
Quekex = (0 ХІ07 Kg (4140 T+ kg" Cc)" ) (100°C - 0c) 24143 


EU 


\5-4 | cont) 
phase transition liquid—> gas (boil the water): О gas = +w. Ly 


Qu, gas = (6010775) (1256 10° 7.97) 2 13563 


The total Q is 207+ 33474 H13J7 4 21567 = 3024 J 
| co 


30142 ue) = ЛА с 


| Bru 
30147 moss 7 ) = 3.37 Btu 


\5-\3 
Q - +m Af > 


Calculate rhe heat Hat must be added to a lead bullet of mass m and 
[TNCS temperature £S Є Xo welt it: 


Q = mc DT < м lr 
vaise temperature Хо make phase 
melting point +ransition 


\Asing Aata from Tables |$-\ and 15-1, 
Q = vw ( (1303-4. (coy!) (311.3' c -As*C) + 14.5 XI0^3- kg" | - m [6.32x10 ' 3- ка] 


25 L y Ce. 4. «971] 
Then Qe kw m Ve ES = |2 кыш 1н 


(Note: | у. = 1 Ме 91 = |а este! = | wès?) co the expression 
used does give Xue correct. mks units Cor V.) 


\5- 15 
(у = mL ç 
| хом = 20001 5 m = 4 = egi = 62.5 slugs 
\ка 
м = 61.5 slugs A me = 413.4 kg (The slug >kq Cowversiow factor М: 
from Appendix E .) 


Then Qembe = [aix (334x103 3-47) = 3.05 x10 8T. 


М оме- Хом Gir conditioner freezes one ton of [се in Aue 
„= ОЕ 3 
epe К (abe) (36005/ ls) $.53Y10-W 


Btu- hen! 


3.53 110? ye (5 0.243 w = U 20 yo" Ві. ке! ( using Appendix E) 


ro 


\$-\Л 


15-24 


Qsystem = 0 
Calculate Q for each component of We System * 


a\ uminum CAA 
Qu = С AT = (0.500%) (410 7-4-1. С") Ta- aoc) = (4555+ Ce)7) (5-30) 


Qa = (455 3°00) т) т, - 21007 


water 
Qo = ^C, o AT = (908 4 (4190 Sgr. Cen) ) (т, - 0*0) = (4A4 Co)" 20%) 


Quo = (444 T.C 9 "IT, - 4990 T 
teon 
Ae = м Ср, NV = (0.100\к4)\Ч10 J.ka 1. (c*):) Ст, -15*c) = (94.0 + (e) (7-15) 
Qe, = (au T (c°) T, -10507 
Qeystem =O = Qs * Qua е = 0 


(455 3- (c9) ) 4 - 41003 х (чачат. (CIT, - 40 T+ (44 T (CI)T, -10503 = O 
(1043 7. (c) ) t4 – 2460x105 3 =O 


тъ = 444% 


(Note: Чык An À Quo are positive ; Qe, is negative. ) 


Q system =0 
Calculate Q for each Component of Lhe System. (Beaker has small mass 
= (= mont for the beaker can be neglected. ) 


0.500kq of water 
Qua = wc DT = (0. 500kg)( 4190 2. kg" (ce!) (50- 0°) = - 6.19 x10 T 


YA grams of ice, that becomes m grams of water at 50°C 


Que =WCice (oc -(-20°¢))4mbe X" Cwater (So’c -0°C) 


Que = м { (0x10? skg" (CY) (посе) + 334 хло 3-xg^ + (430-147 Cer) (soc) ] 
Q. = w (5.835 х\о° Tkg] 


A system = p =p Woskey х Que = 0 


- 623310 3 tm [ 5835x102 5:041] = 0 
m= 0.108 Кд = lOS grams 


ль 


Coble mS 


15-15 | 
Lex Mit be Khe total initia) mass of the piece of ice. 
The MASS YA melt tot melts us Welt 
ahe Weak required Xo do this is 
Q= Mw be = (0.$x107 *) у. (334 х103 7-04!) 


By conservation of €w€€4* Q= = YAL+ Wh) where h is the 
Vade Lrom which he лсе Жууш dil 


(mgh could be larger than Q, [© some of this initial gravitational 
porentia\ energy were converted Xo some form of емес} other 
Wan Weak added +o Khe ice, but mgh can't be less than 


= (0.5x10"*) My or. 


Q= Mya gh > (o 5x10) у (334x025: x47) = wey gh 
_ (0,5х107*) (334 xi ў. кя-) _ 
= (05x10 Сзан J-kq-') ibi 


15-X] AQ 
) Eq (15-2) > c= OT 


Bur he problem gives the wolar heat capacity CoMe 


C = Dis 58. = a ao (м is the number of moles) 
=> М = м Cav 


à 3 
den fh car + рате ды (ФТ) =a 


= yor (Tt, -T, ) 


Q= б Паво ( (зок)%- (toy) = 2137 


v) The average molar heat capacity Cay is defined by 
Q | 2135 [ee asa 
Пеш, № = Las = WAT ` Awol (SokK-l0k) = САЛЕ ОСИМ 
3 
\ С =k 53 


50K_\3 "m 
T=S0K => с = Quo wal | iy = 10.4 J.wol -K 


15-3! 


A) Calculate Хе mass of water ve. wwedy and Wen Khe volume of water from this 
= мст > м = 8 42X10 1 


a. ^] c bue c u 
CST = Quaozag (e) D (uterino) T SEXO К 


UNT 


1-31. (cont) n. w _ u56XI0 KI 
— лү =N = R= РРА = 46.63 
V V р \.0х10 * кӯ. м-3 H5. bwm? 


b) Repeat yhe above calculation , but now with Glauber salt in place 


ok water. The essential difference is that Glauber salt undergoes 
A phase kransition in Wis tempe rature range. 


смс ОЗ1°С-1Л°С) x wl F rm Chig (HVC - 32°C) 


Q = m| (1430 т.д. (cs) ce) + 2.411057. 47! 4 (1840 T-kg (C7) С) 
Q = м [ 3.00105 7-4-1] 
РЕЗЕ" NE Ned 
72 00x Xa 7 - 
3.00 XI0? 3-X9^ 3.00y105 3-ka^' 


WV -M - \.40 410 X4 
i ч Ue X 102 Kg-m-3 


= \4OXI0'kg 


= $3.15 м? 
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First try to determine What phases will be present after equilibrium has 
been Teackhed! 


Weak сергей Хо melt all the ice: Q = we (0.053) 334x1053-x97!) =1.67х10 T 


heat required to heat water at 0°C From melted ice to 100°C : 
Q = mc ST = (o.05xka)(ulqg0a-xo7*.Cco)7) (10069) 2 3.03370 TF 
weak \therated 15 AW the steam condenses: 
Q ew Ly = (0.012 kg) (4251027: кә!) = 210 x0 x 
\.67xXl0's < AI XLOTT > all dhe ice will melt 
(\.e7xloty 42.04K101T) > 211х107 = all Lhe steam will condense 


"Was at equilibrium the owl phase will be liquid water, and the 
final temperature of XWe system will be between 0°C and 100°C. 


Q system = 
: -| 
Aan = m Coy DT = (0.322 3)(3403-«g^ CEA) Cr, 0°) = [126.67 (TT 
(oc the ice 
Que = MLE t MCyater SV = (0.05k3)(334X103 3-7 (o. 05ka)(41405- Kg". (с) 
е a = о 


LAS 


15-35 (owy) 
Que = Ve1xl0* 3 а (204.6 TOTS 


foc steam 
Чалы =-v.v +MCwoter NT 
(седма =- (0.012 va) (2456 Хк!) + (0.0129) (1903-09. Cc)! )(, -100 °c) 
Qaem = 2-11 ХІ0 5 x (50.3 5. (c9) ) T, – 5.02x10?3 
Qa = (eee (00 na aT 
Q. stem =0 2» Qean х Qice * E PE TRN = 0 
(125.65: (CY IT, eT х (204. £3- CY T, $0.33. (0) IT, - 331x103 =O 


(385.4 ӯ. (C) ] T4 = 1. 54 XI $ =» T, = 40.0°C 
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CHAPTER 10 
Exercises 3,7, M2, 15,11 
Problem 5 43,15, 41, 31 


Exercises 
16-3 
à heat current Ahrough XV€ wood : 
W. =k, АМ. 
w w = 
"E { M heat current Arousa te styrofoam: 
e Ç = 0с Wo = Ж, A Ст, U) 
m Ls 
м 


F KG-1) KC -T) 

DNE — € ——— = = S ¿ux 
Fem Zem "s =k, У k. bs АЕ EN 3 ) 
lew, M1 -i) = k, а) 

(А „ут = т +h. T, 

кт. kh Ty 


k. " 
Tt e. U "aku Ta eek) 


(Note: The units Gr k. and k. w\\ camce|, (€ the same units are used 
Cor boxie) " 4 
From Table 16-1 у №, 2 2107 Scales cm. (с) 
ed Е. 
_ AXIO P q,5 X10 —= ° 
= ` = ( iud Ju c) *( 2.3107 $ 4-4, $xlo7 5 )(- [0 c) 
X = 348°C - B26 C = - 478°C 


- Ч ew) (-4. 78°C -(-10*0) 
v) usu SEC = а. X10" Seals" ch (c9) мао xc ul 


МЕЗ 
Wu 2165 caes! = 165 gis (AMET) = 6.4| 7-57" І foe Ñ = 1 м2 


ort 
T Crue) И 243 (1х10Чом) (10°C - (- 4.78°O)) 
WI z ks SRM X = (200 Pa 57 e с°)”\] 


3 o» 
LE \.65 Gesn which equal s Hw, as + should. 


6-1 
! Tari ос -0°C o 
б) temperature gradient = А Le Мт = 1000 С° м 
LM Ss 0" 
Q Wek BERT c fags s eser (сул ] MU OOD зе py eal 
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(6—1 ( Cont \ 


O) W= 38.5 Ts- for all sections of the pod 
Lem Chat) 
pl ета 7 м SEE э T= рк 


0. 04m\( 38.5 3-57!) 


АЫ - адв затна (са a = 1006-100 = 906. 


\6-\\ 
From Table \e-2 | Сос a vertical pipe 
Y 
hansa (BT) siet (e), Din meters 
D=tSXIO m, BTE 45°С -10'C = 75°C 


v - 
= \h =1.32 EA Ta gta [АГ epu mette (А 


1.5 X107 
-— 
WFE WA DT | 
N= surface area of pipe = TOL < т (1.5 xig ^w) (4m) = 0.4412 m? L 
We ача: 571. м^ .(С0)7' ] (0.491 м] [156°] = 524 7.57 { 


Nz $ = Qe Wt (say e) (26005) = 1.81 10°Т 


ь-13 
Аа = Rev т" - V, ) 
Wer = (amt DUI) (567x107 ww? K 7) С (303k) t-(a73k)"] = 16м 


This is larger Khan the result in Example 16-7, The lower Surrounding 
temperature increases the vate of heat es by Yo. di ation. 


n= Аез T! > А= т 
45-W lamp => H=%5W 
EE a О О о 3122 m 
A (0.30) (5.61 X107 $ W-w- X7) (2450 K)" nni ut 
16-11 


M = 20к\№ 
The heat energy for a week is (eu = (похо) да) (AE) ($5022 
A 2123 х10!% 
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16-11 ( сом +) 
mass of water E аа 
_ Lares 


_ Um es e LS Š 
Q=amc BT => VA CST (4 1403- kg" (c9)! )(20*c.- u o'c) 7 xlo kg 


volume of water a eat 


u 
QM QM = 1.2100 X3 — 2 3 d 
= = \| = 30 = LALM I та, Wm”, volume of water. 


Problem 


\6-2%3 
heat current through the walls of re icebox: 
Wah AN m (0.05 у. $^ мт), (c*)7!) lawi) аот -5 с) = 307: 5-1 
The heat carried through Xhe walls in lec ts thus 
Q= Ki = (30 3.55) (3600.5) = ое 


This heat melts ice ‚ rhe ice at O°C is converted to water at 5 °C: 
Q= mle + MCuaxec DT 

= Mle x MCwater AT = 1.0% х\10°5 
_ \,5%х10°7 


SS eae oA 009 ee 
= 33UXLO-T X47! x- (4140 Tekg-! (с) JC 6c?) 0,304 kg 


Cost of Lhis much ice is (0.304) (1.5 X) 77.68, which Us cost per hour 


lb 215 
BEEN k. k. L _ 
= steels) | copperta] "7 JA 
(00 С 0°© 
V ү 
VAL s Ts cu 


Treat Yee vod as a whole Ex calculate whe heat current Wt 
Y = AT- T) 


R 
From problem \6-22, а= Rog* Rs + Rew 


Ree S wet ku t h. td otis ees tae tee? 
Q =(0.0274 37^ sw. c°) L 


(190°C — 0°C) _ А FE 
n= D LENS Gies zy = L (03650 T.s w D) 
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[6-15 ( cont) 
Any segment of Ме vod has this same heat current. 
Lopper segment * 

Ma = 5 ды = * (46505-5"b me!) 


Cu. 
temperature at he Steel- copper 
Vance Lon, 


А 36507.57. w^! _ ° 
"ds е = 0 CT 395 Fes lm (C) T „бы € 


aluminum Segment | 
h \00°C -T 
bmi = Ы ce Tis) = 4 (3650 Tga m-!) 


° _3650 9:5. w s) _ _ g o temperature of Me. 
"Ws = 100 c ~ 105 7.51. мт). (c9)^! = 04.2 C aluminum- steel junction 


As a check use the above two junction temperatures to calculate the 
heat current through yhe Steel segment ` 


h Ta 
ñ. SN Wnts ‚ма = fe (5033-57 mt (ey) (%1,1°6-4,5°с) 


Ve {шотын} as it should. 


16-24 A= trt = т (0,.30wy = 0.283 м 
A = тт = дт (0. 30м\ (Om) =m 
N = 0. 243 


W=hA АТ Soc each Pact of khe tank surface. Obtain h Erom Table 16-2, 


top : hovitontal plate Facing upward 
\ = 444 (кт) S $7 ws (лү | with AT ¿a °C 
W = (ana Qr s. st 2 (c 1] (0.283%) NT = (0,105 (sr) s. gt 


bottom: horizontal plate Facing downward 
Ve = 0 CMT) g. k. COV with AT in "c 
Wy = Cet (SD) P T.s- mrt (ey 1] (0.493 NT = (0.371 (ьт) Y 7.57! 
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16-14 ( cont) 
sides: vertical pipe (diameter D= 0.60m) 


AAA -\_ M32 y 
№ 1.32 (85) reste? Co) =u A (МТ) gst меа. Cen)? 


K = V 5 0 (кт)*^ Т, (с) 
He = Савось)" ment Co)! T вем] BT = (4.81 (8T) 5)! 
The total M is Hit = nt Hy tHg. 
Maa IKW PAN Ss 
$ 
=> (0.105 +0.37/+2.84] NT I 9:571 = LXi0 3. s 


$ 3 
DT £ = I. 2.56 : NT = (266): = TH4K = guc’ 


The teak surface will be this much hotter than the surrounding Air. 


The surface area of he cylindvical can is 
N = anh хло?” = atte Cher) 


А = 4m (0.025w )(0. 10м 40,025m) = 0.0196 m? 


М = (0. olgem?) (0.2) (567X107 "ww? K) ( Сок] - Cu") = 4.0xi 33-57! 
This 55 Xe wet heat current Aue Xo radiation. Calculate the 
nex Amount of heat absorbed in À ke. 

О = Wk = (4.10107 Ts-') (3600s) = 32,% 3 


This heat causes She helium at 4K +o undergo the liquid > gas 


phase + ecansirion, 


-Q LANA = |.6uxtor3kg = eua 
Qe my => YA = Ly né 2,0 X10 S ка"! l. X кд \ H rams 
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CHAPTER 17 
Exercises 3, 1,4, 13 


Problems 17, 14,34 


Exercises 
13 ee _ 
à) n= MW 7 W.003XI0 39 40171 7 50.0 moles 


(M is Erom Ropendix D i 


| nole that Me atomic MASSE $ given Here ave 
WW 4: wmo) 


e) м _ ART _ (SO mol)(%. 314 2-1-1. K-!) ( €274213 1K) 
) pY=nRT => p= V = LOLIO S м3 = 6,214 10° Ра. 


(Note thet T musr be in kelvins, Gnd that NZ AOL. was converted +0 mks 
units (vw, ) 


\1-7 
N-wWXQX V 
| NR constant => i = nR = constant 
N e4V ууу 
= Һа = aa = —)|— 
um Ta xdi Р | 2 V) 
A, = 4742973 =300K 
d = kOl x10 5 Pa (air pressure ) 
? = andina oe HIKIO™ Pay since the Final gauge pressure is ЧОЛО Pa 
4(XI0~ Го. 50 см 
"a7 300K | Vot хоё Pa I $00 cm? = 161k 
Ta = (Tel - 273)" = ugg°c 
V 
(Note what Lhe units cancel in Ke. E Volume ratio, So it was wot necessary 
Xo convert Ae Volume s given in cw? Xo м >) 
7-4 
4) pN = nRT 
М = м 29 pv = RT 
= m_ рМ 
QT y * “ar 
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11-4 ( cont) 
b) ps lat va = |0110” Pa 
M = 28.8 1072 ka. ml 
+=120°C = 243 К 
_ (otto $94) (26.8 X10 2 kg: wat’) А 
— ($30 wel 1) (243K) = Ll kgm” 


11-135 


The phase diagram is as iw Fig, |1-4. 


A Increase T Erom a low value at constant pressure = wove alona a 
horizontal line in the phase diagram , To have a Solid— liquid 
lwawsikio his line must be above Me dashed line marked (a) on the 
phase diagram. This “оез Jlar Mee pressure must be above the triple 
pow pressure Pyp. From Table 11-1) Pre = 0.125 x10 Pa. 


For "< Py the system moves along the dashed line marked (a^) as T 
ls increased From a low value. The sold.— Vapov transition (sublimation) 
is observed. 


b) To observe the Vui Vapor Chovling) Aransiti on yhe System must 
move along a line below Mae dasked line (b) as T is increased 
From a low value. This implies that \he pressure must be below the 
CX ca point pressure Pep: From Table \1-2) Pep = 33.4 X10? Pa. 


For RAPS 9, = $, < 9 € pus => O-IASKIO’ Pa 4 p < 33.4 ХІ0 Pa, the system 


moves along the line (p), and the solid — liquid, (melting) and 
ек4 — Vapor ом phase transitions ave observed, 
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Problems 


\1-\1 
bs V, | те A900594 Pa = 216 х\0® Pa +1.01Х10° Pa 
e M 9, = 3.77 Х10° Pa 
pV = wet 
х. RYT constant => & i = РУ, 
VKA, where А is Хе cross sectional area of the cylinder 
ei А = Paha Ñ Р 
_ 9 VOV X107 Ра. 
е WU) = 45.10" ETT \ = 11 cm 
\1-\4 
0) ev =nRT 


Consider the cooling, After the stopcock is closed : 
^, RV constant => че = NS = constant = i z h- 


. \ 
Ат VW=400K Se Clask is open to the air => p = 01X10" Pa 
+ зоок 
Ya= Pa (=) = мол x 105 Pa ore = 7.58 XI0 Pa 


b) РУ =“nRT `) & eol Lo rhe Flask aX Me емф of the procedure : 


m = w 


_ еу _ (1.5% 10% Pa] (2X107 m?) (31.0 X107 kamol!) 
wm = fu = \,4Ч x10 ka = 1.44 grams 


RT (3.3194 3- wol "X7! Y (300K) 


Note. The atomic mass of oxygen is given in Appendix D as 15.499 g-mol “| 
Bur oxygen gas is diatomic, and we weed М ім mks units 


=> M = 2 (15.444 XL Заме) = 34. 0X107? каиа" 


Vle A 

о) Consider Xue volume occupied by the gas in one cylinder, after its 
pressure is changed Svom \5Х\0??а to \.01Хх\0°?а. 
eV =nRT 
A QÑ T constant — PN constant => Pi Vi = Pa Va 


= _ 3\ [15 x105 Pa ! 
v, exe = (4.5 Jr E = 31. lw? from | cylinder 
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ATA (coat) 


The number of cylinders required is hus 


_ $00w?  . ë | 
31.1 cylinder“) 7 \3. 5 cylinders 
b) This is a buoyancy ( Archimedes! Рем сре, Chapter 13) problem. 


Force дула Сб Хос Ye balloon plus a load. oF mass YA, ` 


7 . 
L.. B= Pair ъло J Y. Yt. = ma 
=0 Mhyd 1 I | 
w^ x" Б-у -wwa 9 =0 
hed. = Piya V balloon 4 


WS “д 
(wk 15 Dre mass of еши Pair V vaso Y AN = ehya V balloon Q — O 


as in Ме balloon 
9 VA. = C Рале =Фһүд) Vballoon 


From Example 11-1 he volume occupied by | wole of gas at STP is 
0.044 w^, We can use Mais to calculate Pair and Cha at STP: 


From Example 11-2, Maie = 24.8 X107 3. mol "À 


$.3 X107? ka wol ^! 
=> pe RAEN) BAUM CL = VA kg m3 


Е 0.0224 ул 2+ wol ^! 


Hydrogen is diatomic and from Appendix D its atomic Wass is 
\ 003 X107? ka. wol ^" 4 
> Муд = A (1.00% XI0 > ka. wol ^!) = 1.020 ХО Kg wol"! 


ETONE 
Thus 2.0% koi kamol = 0,0403 ka. m 73, 


Өмд. 7 ~ 0.044 m2-mol 7 
My = (134 качм-3 ~0.090kg-m-3) (500m?) = 600 kg 
MA, = wig = (600kq)(4.8ms-*) = Sq%0 N 
cC] Helium is monatomic, 
Y cow Appendix p, Mys 4.003 X107? kg» mol ^! 


_ 4.003 X107? a wol" _ un 
= Que = Ар = 011%Кдм-3 
"a = (Роҳе ~ Phe) Theos = («44 X9:w-3 -0.119 kg:m-3)( 500 м3 )= 556 kg 


W, = Mig = (556kg )(9.8 w.ç-2) = Su SON 
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CHAPTER € 
Exercises. 3.6 4, Ws 1 
Problems 14,43, 25 


Exercises 


\=3 
W = ee AV 
pv =nRT ; pressure constant => pav =NRAT 


Ty 
we | ARAT = n @(Сту-Т,) = (Gy). zi wel 7") (400K-300K) = 14447 
\ Eš T sss 


1$-.5 
d NÚ = Q - w 
Q= мс NY 
ST >0 = Q >0 ео energy has been added to the water 
This keat comes from the burning Fuel- oxygen. mixture 
> Q for the System 15 negative. 


М) We J e AV 
constant volume = М) = 0. 


ce = Q-W 
Q «0, w=0 = AU <O 
The ‘mternal energy of the fuel- oxygen mixture decrease d. 


Qach = +807 
Wach = +307 (N >0 > w > 0) 


à AWS Q-w 
NU. is path médependent ; Q and W depend ow the path 
KU = Uy- Uo 


This can be calculated Soc any path From a to b) in particular 


Хох Parl хс: 
ioe SU Oey = 80D 30S рх 
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\%-4 (cont) 


Now consider path adh: CSU is Ме same as Хос acb) 
Се = Qa ay = Мод = Qaab = bas, t Wadb 
Wa =+ 103 (NN 20 for this path => W>0) 

Thus 


Qaap = 503 4103-2603 


b) Lor path ba : 
A ы», = Qua — Wha 


\Wyal=20T. Bat for ba, ANN 402 мо > Wi, = -207 
NU = Ua- Up = - (We- Un) == Ag, = - 507 
Qu, = MU ua Wes = 7-503 -207 = -707 


Qka € О > Weak is liberated from (goes out of) the system 
A W,-0, WA =4oT 
process А» d. 
МА д = МА-А = 403 
W. w = 4103 


Wade = Wad + Wah , but Way 20 since AV=0 for this process. 
Thus Wah =+\07у. 


hUgod = Qad -Wad 
=> = МАА t Wag 7 803 «103 = 1.507 (+ = absorbed by the System) 
roce —b 
NAS, = Qar-Wdb > Qa, = Bb Vas, + Wat 

Mash = Wy- WÀ 

Naab = W Wa = 503; Wa =O = = 505 
Thus 
Мар = 500-ЧОу=х!\07 


Wib =0 since AV=O. 


Qa = BU gs b+ Way = 


-— 


(03 +0 = +107 (+ = absorbed by system) 
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14-\\ 
a) ideal gas => pN=nRT 


we=S ear " 
i X 
T constant (\ so thermal) = р" E 


Vary A 
f, CS) ave аат AF = nat lal) 


i 
\ = Co (wol) (31 Swol” KC) (173k) kn EP) = -3655 
( since BN 40, WSO as we calculated \ 


— 
- 


b) AUENCy ST, For any ideal gas process 
NV Z 0 = KUO. 


A AW= Q-W 


Мд=0о > Q =W =-365 7 
(negative > yhe gas liberates 365 У of heat Xo the surroundings ) 


\&- \5 
For an adiabatic process we have that 

Y- - X 
WN, o T PV =a, and рУ МТ 


Кус is mostly diatomic LO № Wa) Yel 
" YA — (Vy\t-\ Vi 
T ‘STA, aiuti - (ааз | 

T4 2(a43K) (io) = 736K = 463°C 
(Note: In dhe celation TN) = 1 ГАА the temperature must be in kelviws) 


Y _ X V. ANY V, \e4 | 
Ph = №, > Pas MA = (latm) EN) = (rats) Uo) ^ = a5. ate 


| Ld. 


\&-17 
d) adiabatic > Q = 0 
МА = Q-W => W--bBM 


Yor any idea gas process N= С, АТ. T 
From Table \%-1) for oxygen Cy = 21:10 J+ mol"! K 
= NU. = (0.10 mol) (21.10 T-mol K7') (483K-303K) =- 82.12 


Thus W=-AU= 4424.22. 
(expansion = AV >0 = wo ) 


\4 \ 


14-11 (cont) 


b) adiabatic > Q=0 
Pro 
a 1 
ЛА = Q-W 
Q = + 2.111027 
NW=0 => Q-w 
Constant pressure = We P NN 
Thus p AN =Q ¿ 
_ QÑ _ aty _ 3 
NN ? eet. Ене 
\% 23 


б) isothermal > NY = 0 
BU емс AT for any Leo Gas process => NU = 0 


Thus NAL2Q-wW Qawer 5005 
b) Adiabatic = Q =0 


NUu-G-wWs-wea--s5003 (лА40 = the gas cools) 


<ом Аму pressure For \> 1 => x = -P = constant 


N 
thus Ж _ Na T 2T i 


1,2 300k. NV, = 0.00 w3 0.040 m> V _ 
| | "E 0.040 м? Edi К (oie мз) = 600K 


Kdiabatic process 1-3! 
Т, = 600K, T, = 300K 


2X pansion => NV >o 
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WAS ( 7719 


Pix Pa 


їз 


y) Qa =nCp NT, Since Мр =0. 
From Table 1-1, Cp 220.18 J-mol™'- KT)! 
Qu = Cr molt) (20.18 I: mol  -K 7) (600K -300K) = 12, 468T 


Gas = 0, since this process IS Adiabatic . 
Мы = Qu + Ўз = 14467 


A Ме nly aT =nly CR. - T) 
BUY, = W Cç KV = б, CY; сч 


= КУ. = АА аа Sas = n Cy (14-1, rT- T.) = AG. Oen) =0, 
Since T,= T4 = Зоок. 
à NA7-Q-w > у= Q-AU 
Ку е0 = w= -13,46$3 Çor Lhe complete process 


e) 1473 15 an adiabatic Process >T, d s ye 
¥-\ LAT 4 Vex-i) 
k oe UR) => Ns = N, Pe) 


V, = 0,040 w?, T, = 600K j АРЕ 300K (all from the above ) 
For helium | Y=\.67 (from Table 8-1) 


" 4 (600K \\/(\ет-1) „ча 
N, = 0.0%0м | 300K J = (0.0ҷом3 ) (2) = о. lam? 
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CHAPTER NA 
Exercises l 5,7, Vu 13, 17 


Problems 21,23 


Exercises 
19 - | 
EN". work output _ x = 30003 _ 0,375 => 
ett = Wear energy input ^ Qy 20007 ^ “97 37.5% 
b МА = Q-w 


cycle > МА = 0 > О = w 


Q = Qu + Q, = Q. = W- Qw 
Q. = 20007-40007 = - 50007 


AÀ Q= wA \ с | where Q equals the 0007 of heat input and Le is 
Xue heat oF WAWA TN 


L. S= QUASI. Lu 
m= Le T sou Tg 0109 
À) 50 cycles = W=(s0)(3000T) = 1.5 xl05 7 


5 


Р= (1. 5 ко w^) (Le) = 201 hp 


T, зоок 
Ty = 600K 
“V3 = 455 K 


9, = latm = 101x107 Pa (from the figure ) 


=l T 
>= сах => Ñ. = ART, (0.101) (8,314 Twal- 7!) (зоок) 


Ее -3 
Р > 01X10 2 Pa 22-47Х10 ^w? 


\чч 


14-9 L cont) 


point de 
from the figure, V4z V, = 247 x10"? mw? 
9 ) \ 
Че n& V ó ni RV constant => È = ab. = constant 


RP T 00. 5 
толу PEPE) = Crate) Book") =Aatm = 2.0310? Pa 


Dmt 3 
from the Figure, Ps =P, = atm = \,о1х10° Pa 


eV nRT; Apply Ao stakes | and 3 = p^, R constant 


Nl. Mo 22 = ү {52 eem 
der nca i ss x ge, 7 8 EN (F) eee) зоок) 
Ns = 3.13 X10"? м? 
b process |. 
NN =0 = W=0 
process 23. 


adiabatic => Q = 0 
From Eq (1-21) у W ze 0 Ns] 
\N = т , ) ( (1.03 KIO Pay (2.4 X107 3 м3) — (1.01х10® Pa) (3.13x1073 м3) | 


w = (5) 495-3777) = 1337 (АЧ>0 = Woo) 


process 3 э \ q 
w= fpav=e dy ÀV = PW Y) ( since P is constant) 


W= (LOIXIOS Pa) (447X107 3м? 3.13 xlo m?) =-117 7 (N40 > wo) 


\4-7 
? £ 
nb is On adiabatic process 
4 k = das ek un 
Я Na EYN) Nu -N S Va Y Vp 
t RN b Ta = 12°C = 135 K 


k м - 
4-1. (c Aet BY e ev, у". КА 
Vp — AY = Vla 


b 
Ty = 245K (3)" < 678K 
\4-\\ Q. & x 
Qj Carnot cycle = в, = Е Е 


x = "V S) -- Ne = 319K 


Te 314K 


b) e=\- =, Nl- ок = 0. 205 ; 10.17 
or 
No QA @ -3353 
€= Q, ^ ау -"* ў, 1% uk = 0:202, 20.2% 
19-13 
= Uu Q T 
À Caxwok cycle = - = = Qn = Q eed. I) 


Ta 7311€ e 300K » Т, = 0C =113К 


Q. = hear absorbed by the refrigerator at 0°C = heat yemoved from the water 
Q. = мі. = (604) (334x102 T+kg") = 167x107 3 
( positive | ais heat Vs Absocbe Á by the refrigerator ) 
Ë! 300K 
Qy - a) =- (167x075) eng = —\:8 4X10" T 
(negative because his heat is rejected by the refrigerator ) 
b) cycle > du=0 = w= Q 


W = Qe x Qu = 167X107 THE US4XtOTT) = -L7x10* T 


(Wis negative because this much mechanical (or electrical) energy must 
ve sugelied to rhe refrigerator; rather than being obtained from it, ) 


ег, | AQ 
reversible = NS = | = 


\sothermal => Tis constant = AS = = {да " &- 
BT 202 BU=enCyST =0 = @=\/ 


= WRT 
w = $ pay ; pty 
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- (сом N N чт : 
xd LM ab, AY ssa. (areal) b wel 77) (300K) Ln (era 


= 34545 = Q-3459J 


o, a HESS _ -\ 
KS ee =. 300 < = \\,5 J-K 


Cy £z d d wl VW 


p= CuxR = (049.314) T+ mol! КТ 


Co СЕ Jewel X" 


No 23, N 


Calculate Q and W for each process : 


Process \ > 2. 


\\=0 > W = 0 
\М\=0 => О = G NT . pV =nRT = Vdp = R э (true when V is constant) 
Qency WE = SY yp CY. ү, ( «9, 79») = CY «V, 
Q 70-2» heat 15 absorbed by the gas 


process 33.3 


SP =0 => W= PV = 29 AN, No) = Af Vo 
No = 0 = Ae a ET 4 Adm ART => p AV = п ЪТ (true when р \s constant) 
Q= пс FR = psy = z х (4497 V») = 1+ рУ, 
Q?0 = ais: IE TP by the gas 
process З-ә Ч 

NN = 0 = W=pbV=0 
DV=0S>QenCyST = SENsp = Sh (avo) р-р) = - 2 AE Po Vo 

QLO => leat 15 rejected by the gas 
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\4-41 (cont) 


EI ocess Ҷ э \ 


Kp =0 = Wz рау = ф (Yo-Yo) = - P V, 


C C 
Dp=0 > QenlpST = CEN = Th (о-у = SE py V, 
Q <0 => heat is rejected by the gas 


botal work 

WzWy 4 Wag g Was Waat = 0 М +0 ~PoVo = Po Vo 
total heat absorbed 

- _ С É Ac 
Oy = Mort Gras ER eoe pole = (EE) oy, 
= Су 26р _ SO. +28 

Срок ДУА = ЗЗА 2 зуу 

Qy= (5 % +2) V 

Yora\ Weak ejected 

6, C 

Q = 9..4 Qu = -2 Fe Poe c XE 
Съ= СЧА > LA SCytR _ 
б, = = (3 S 41) Po Vo 

( Note: Net heat £ low Q = Q. $ Qu = (2 = +2) pV, - (3 = £l) fo V = V, = wW 

So Q= W as it $\ом\& Gor a cycle.) 

efficiency 

N WES E. L, —— e SNP 

e= Q, (3 жх) М, GRN (5 [Ema +2.) „чыз 

= (5. % 
\4-2,3 

First use the methods of Chapter IS to find the final temperature 

of Х\е System: 
Q system =0 


Q for Khe %.50кд of Water: 
„хес = MCAT = (0.509) (4190 т. к=! Cc) ) (т, -60* ) 20035 C) yr, - tas 1xt F 


\48 


(3-43. (cont) 


Q for We 0.08 kg of ice (warms as ice o 0 C y melts, and warms as water toT,): 
Qice =MCice BT * MLE X MC Uae ST 


Осе = (0.083) (2.0 х10° 7. каг, (с)! )( 0° -(-15%)) + l0,0%kg)(334x10 23-ka 11) 
+ (0.0%) (4\0 3-«47* (c7) ) Cr, -0°c) 
Qha = ANDOJ + 26720 T+(35T-(c')' T= 2.912 xi 3 4 (335 3:(c9)!) T4 


Q system = 0 = Quater * Qice =0 
(4.045 3- (oe!) T4 - 1.257005 5 c a.ataxio* 3 + (335 slo) 1, =0 


(24307 -(c%)!)T, = 4.658017 = T, =39,4 °C 


Now can calculate We e ntropy changes : 


\ 6%. 

The process Takes ісе at -15°C and produces water at 39.4 °C, 
Calculate NS as if his were Aone reversibly. NS 15 path independent, 
so NS foc a reversible process will be the same as DS for the actual 
(\ereversible ) process, А5 long aS the initial and final states are the 
Same, AQ 


Vi td T ^ ar 
For 0, Temperature change а= мс AT > AS =f, a cd = mci Ar 


BS= me l [2 UT awk Ta must be in kelvins) 


For a phase change, since (4 occurs at constant T, 
" AQ _ =k. > WX. 


There fore 
We mes мыр КЕКЕ: 
BSice = Се MKEK) + yk TM Cwater (ea) 
(Note: The units OÜ С are 5.к4-!. LE" ç. but one C °= owe K, so the units 
of с may just as well be written as T+ kg“! a, 


3 e 
D Sice = (0.08 kg) Q000 Tkg. K) 1 225) NOISE тъкан). 


x (0.089 y (4 40 T kg-t. K “| „лк 


273K 
D Sie = 4.03-K^ 4 ALG TK 44S ATK = 152 9- K^ 


water 
The process takes water at 60°C ond produces water at 39.4°C. 
Te = 3444973 = 312.4K 
+, = 604213 = 333 К 


(44 


\4-1% ( cowk| 4 Ы 
S Suskec = "S Cwater YA Cae (0. 50а ) (4140 1>кд^!. kt. ccr 


D Saee = — 1395. К 
№5 усек, = Sie + Мес 7 152-7 - 13H TK 2 £18 Tk 


Note : A Ssystem > О, as iX must be for an (eve versible process. 
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CHAPTER 20 
Exercises 3,54, 11, 13 
Problems UT, 1.1 


18-3 Е БМ 
ве говече 


for water Mu. o ы ¿Mu + M, =2 (1.00€ а. mol!) + 15.9999: mol 7! = 19.015 g-mol 7! 


(Using Appendix D.) 
| mol È w = \%.0154 


P= 1.04. см2 = V = 1052122 =1%.0 см3 


b) Calculate the Volume pey molecule ; 
\ wole = N= |1,0 Cw 3 = 18 xlo m? 


\mole => Na = 6-02x1077 molecules 


1$ Xlo Em? 


Volume per wole cule = 6.02x10* molecules = 1.491X107 24 м. РРР, 


N su, where À is the length ot each side of She cube occupied by 


" & mole cule 
A = 1.49107 ^1 2 = а= 3.10 xo m 


С] akomi and molecules are ow the order of unu 


in diameter, 
[UN agceemenk with the above estimate 


10-5 2 
_ |3RT dh osa Vrms 
Vems = M M" эр 
Nems Same => Non їз, Мо, 


Mo, = Mu, =» пая "ul Ka 


Ao, = (3a) вех ka) = 5.3] i05 keg 


( $.31 X10 ^* ка , 
To, = 013K) 3.34 xip^ 11 kg E 4340K = 4097°C 


Му» А 
a) EMV ay HSK = 2 (\зях1о”®% т.кК-')(з00К\ = baixo 3 
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40-4 (cont) 


X(&21xi * 3)... д (Gatxro С?! 3) 
b) (92). = = eer es) OURO ee 


32. (1.66 X10731 kg) 
Q) Views = JG = 4.34 X]p м^. = yf wg) 
À) p= ma = Зд (l.66X10 kg) (484 msm!) = 2, 57 xL egies! 


€) X we between collisions with a given wall is 


— 0. X YA a О, м _ = 
K Nims ~ ugm s- 7 Ҷ.13 X10 ts 


à А 
б=т ) Fh = ak 


In a oW ом V change $ direction > DP = AM Vews = 2р 


— 4(2.57x10 > karmis) _ 
— \34.57Х\0 "ke wes _ 14 


124 x10 N 


&) pressure = * - (0.10) = |.24Ч х0!” Pa. 
3) pressure = lakw = LOLXIO ° PA. 


5 
vxo fe | 0>! mole cule 
ak. AAKO mole cules 


№) pV enwRT = NRT 


3 
V _ (vot хло? Pa) (0.1 m a2 
N= Tr - & = АҢЧХ|0 77 molecules 


(138x107 *? T. К"! )(300K) 


t) acu _ xc x) _ 3 
needed $.15 X10°' — 


This Factor arises from he relation WK") ay =e (аи ‘ 


S 


20 -\\ 


x & contribution % Cy fov each degree of freedom 
= Cy= (GR) = 3R =3( 8.314 Ji wol" -K7) 221.9 Tmol! KC C7 


crua Cy 
Cy = a000 3 kg" K^! 
Cy= Me, | Koc water M = AMu+ Mo = 2 (1.008107 kgrmol!) _ 
x 15.499 X107 * kgs wil 7 
M = 0.0180 kg-mol ^! 
Cy = (0.0140 kg: mol!) (2000 J- kg К^!) = 36.0 Ts mol ^K 7! 


actual Cy — calculated Cy = 36.03: mol K^ 44,4 Jmol Kt 
= WATewol SKI = Ly A= az (5) 


ISL 


Уо -\\ (cony) ; 
Thus the equivalent of nearly 3 Vibrational degrees of freedom 


conx tibure to Cy. 


-13 Ж э Р 
Eq. (4021) > Fw) =F le) = Aw (трт) ^6 e one 


Ay Aka TIU Eq, 


Л 
AS = ЗА sk de (ee FIAT) eo 
E (сет) =й = o-élhT _ & p-ElkT D 


Thus = =) = € zT, as Was to be shown. 


À Nems = E 


My, 22 (w. 001 X0 2 Камо\ т!) = 2,9. 01X107? ka wol (ove Appendix D). 
209.314 3-wol-K-")(300K) _ 
Nems = ` 48.01 X/077 wa vol "1 = 517 ms"! ) larger than Mo 
sound Velocity 
an RT = 
©) (ny te) © ^ Way ai Vy wens - Way = Je (аг = B Wims 


_ _ Sitms t. _ ке 
(Vy) vus = B Vis 7 7 IS = AIB ws 


he sound velocity is dose Xo this, 


40-21 
0) qw The only work is that доме by gravity 
=". = Ky +) = X4 X Vay with W=- GHE 


“Escape” = W20 when Y4— 9o = K,= 0 А, =0 
¥, = R= vadius of Ме earth 


MM YA 
Thas му G =0 => imu c( V) 


MMe 
Re 
Thus N MARC = ws, As was Xo be shown. 


Me 
= “4 => 9 =G Re 


Ах yhe 2arkh's surface My = Tcov = Ç 
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0-31 (cont) 
1 R 
O ama = 20 = mgR > T= 250 


0X 
_ ce СМТ pas) 33X10°m) b 
0 К 
3 (1.34 0-2 TK") = Le0XI0* Kk. ыд 
— 


2. (2х 61х10 kg (4.8 м-5-2)(0.3# 10°) — _ Ol xIO1K 


3(1. 34х10- 3 3-K 7!) 


(Result foc №, 15 smaller than thit for 0 ‚ оү 4 factor of i-r > = = d) 
0, 
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CHAPTER 2| 
Exercises 3,5, 4, 15, 11 


Peoble WS 19. 13 PN 


Exercises 
Ài-3 
A C= 345 ms) 
ceti > Az £ 
345 w. $7! 
$ =10K2 => i= Чом = llm 
= 5455-1 _ 
< = х0, 000 Ме = = 20,090 $7. = 0.0172 m 
b) C= $0 mse! 
1440 м. 5-1 
£=20We => À> оса = 1-Dw. 
(480 we 57! 


£ 220,000 Ha > у= -ooo ect 2.0.0740 


21-5 
Eg (au) is. үш = Амат (4 - X) 


snd = -sin(-0) > y=- Asinan (X - &) = -Asin BE (x- Ж) 


T= > à = Мес $ y= -As | (к-с), as was to be shown, 


S= mg= (5 4} (4.8 5-2) =49N (tension in the string ) 
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11-15 g 
à Е (41-23) > с = |5. 
Eq: (21-21) = Biso =р 7? с= |Б 


ART v RT 
V MV 


But for an ideal Jas | pV =nwvnRT => p= 
„ % f£ oL(mRUY(XY. RT 

е= у > p sel pe) = M 
“Thus <= = у AS was to be Shown. ( Compare this 40 2 (21-19). ) 


b) fw ак, М = 28.8xK107 > kg: mol т. 


© =- [ASSN J.vaol т! 1) ( 300K) _ Р 
7 4€. X107 3 Wo «mol ^! = Хач wes 
(Nwe: Examole Al-.5 shows that 1% the wave is adiabatic , thew 


c = [SRT 


C) To be isothermal We het transport must be fast compared to the 
wency of the wave motion => gas must have large thermal 


= 348 noa, } 


andlor Ме wave must have large wave length) low Frequency, 


сед 
conductivity 
(oe + 
Eq. (21-35) Lu = IAS QR 
5 $ 1. 
cu] = > lv. Е => Кы = k 2- ох А 
озера 


Yeoble "^S 


= 
б = 9.10 ү, х= Am | C= \ms7! | propagates ty the right. 


—€— 

à с=4\ ә 5-5 = 5 = 0. соңа 

W weant = am (0.5 5!) = zu сад.-! 
А. 


ey 


chk = ay = im = 3, lie! 
A) traveling Xo. the right => у(х 4) = tAsin(wt-hx) 
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\ 7 %& = * Aw cos (wt-hx) 


k=0,x=0 > V= ЖА» (oc left-hand end of string (x=0) at $20. 
Te i$ specified that AMAS velocity is downward 
=> N=- Âw > y (X) =- а. x) 


Thus убу, k)=- (0, 10м) sta (т (k-X)), for X in му Aim Seconds. 


е) \efy end ә X=0 
y (0k) =- (00m) sinl TEN, X im seconds. 


£ \ м Xo eia of o vigin = X =. 5 м 
ylk = = 00: lom) sin (т X0) = - (0.10) Sin (ат + ZT) 
Bur sind = sin (0-21) 
= y(x) = -(0.10w) sin[ TX + +T) 


Qux sin (d+ $ )= cose 2» 5и (тж ET) = cost) (Appendix 8) 
= YU =- (олом) cos (тж) 
à) ү) = - (0.10 Y Sim Ur C ЖХ) 
k. = ot = - (0.10m) («x $!) cos (т (A-x)) 


мох Vy is when cos Um (X-x1)* +1 => y ) max = 0,101 ms! = 0,314 м. 5-1 


h) y (x) for Wis x was derived in part (€) 
Х = 3,455 = yz (010m) cos( 3.55 m) = X0.0107 v 
Li à = - (0.10%) f cos aX) = - (0.10m) (-T 6- [sin TA) = +(0, 314 msl) sink 


x= 3.455 = V= —0. 2242 у. 57! 


(Ay k= 3.155 Ais point in the string \$ displaced up and is Moving 
downward. ) 


1) From (4), уж) = - (0.10m) sin (ar (k-x)) 
= 3.2155 = (ax £ )s > sa (тж Tx) = sin (от + Š m тх) = sinh a(S -x)] 


y (x) = - (010m) sin 1(4-x) | 
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234-39. (cont) 
For the sketch calculate yx) at several X + 


X. yo X у(х\ AX. SO Xo “lyk. 
0 X 0.0711 |^ о чт“ o зум 0 
um 0 km 0,01lm ram —-0.07lm Zim — Q.0llw 
Xm - 0,07) m \ т 0.10 m Lim -0.10m Zm 010m 
dm -0.10m am 0.011 ул Sm 0,011 m um 0,07 1m 
l. ~ 0.011 m 

Nm 

Q4 

1. 4 Хут 
af 


2.\- 42 


s _ [5 _ ISL 
Transverse wave speed C. - [5 = Г“ т [js 


пар ` 
longitudinal Wave speed Cy -|$ - = - ет» - IU 
aiin > k |o [S 

JY =10fS > ҮА 21005 


S Y 
st¥ess ^q 7 Too 


LS 1s Х\е tension w the wire, SO plays kke vole of F in the notation 
of Chapter 12.) 


М\-7,5 


ce PRE (diatomic => Yeu) 


Bur 
¿ .[xex [M_- fx _ fh 25, 
Ves dq M ЗАТ É 3-793 


c= 0.663 Vims 


| 5% 


GAAP ER: 14. 
Exercises 3, 5,7, \\ 


Problems 13, 15 


Ex excises 
44-3 & 
The wave wak 15 21 „ы Be 


y (XX) = - LAA cos wk | sin hex 
2r = -Â siwk х (-wsinwk) = Xo À suk x Sinwk 


[3 
ТЕ = 1А sux (w cos wk) = 1.0? cos wt sink x 
эу = - (a соѕож) k cos kx 
r 
3+, = - (2А coswk)(- 2 sin kx) = yak? А cosuk sinky 


Put these two second partial derivatives into the wave e 


quation 
=> iw Ñ cos wk siwk x ~ ou АҺА cosa X siwk x 


i^ =hc* 
w=ant 
ке > lant] e 
(К) = с 
Lochy 
22- 5 
A) € L0. 0 w— 
C = зом + 
fundamental 


From Xhe sketch, day > дад =\.Qm 


N A N Ceci = 1305-9 (yw) tt. O rt 
— № — 


b) cff => 5=дс*% 


m = 0,030к9 » " 
a 0.60m = 0,05 Кам! 
5 


= (0,05 kg-m-!)(36.0m-s-!)* = Gu.eN _ 
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23-1 
б open at both ends =? displace ment antinode at each end 


а | at 


рымы t cy э у= AL =®(Ч.@#т)= 4.76 
WAWAN А 
N NR f= $ = ЗА - 363 Ha 
quee = — : 


v) closed at owe end => displacement node at closed. end 


e ә» À 
Fundamental 4 ч L > d=4L= 4 (4. Wm) = Id. Sw 
A N Ç- € = Haws = 17,7 He 
— ад À 14.5 м гиз пе. 


Ahel 


A vod clamped at its center => node at center, antinodes at ends 


<— | —_—> 


— — Le à > \=1L = YA 
a € 2 £X =(24805-') (2м) = 4460 m. s-' 
2- 


b) The powder heaps are at ‘he displacement nodes, so the distance 
between heaps is 2, 


Thus È =0.0b4m = А= 2 (0.064w)- 0.13% 
Then c2 = (24805-1) (0.13%м) = S4am se! 
Problems 
ыз «—L —— À 
б) fundamenta | А-0 ha ALL (0:63) = 1. 36м 


N А us К | 
pwd — се} = ALOHA (36m) = Aqq mws! 


3k 
C - Í = S= ct = ie = (LAKO 3. (дач) = 170 


. _ [£ 
екЁ, ү” 5 s Ra À > [e 
> 5,= 5 б. Saar = 140.7N 


The percentage increase is 9&7 1907 = OT UON ү (007, — | 3.1 % 
1 


| 60 


LAAS 


| | 
єк. ТС ИЕДИ Pee оласе 
N A N ç Ñ N A N K N A N A 


The successive lengths differ by an additional à length (He Ato R dis tance) 


=» У - 55,5 cm- 14.0 cw = 43,0) см — 555 em = 30 056m. 
\= 1(3715c4) = 15 ом = 015m 


¿= EX = (5002) (0.15 м) = 315 miso! 


‘a 
Y RT _ w 
Woo FARIS 


b) Ls 
For Ot, M= ASS X107 ka wol" 
зе. SYI0 wasa M 375 wes) — _ 
= X= "(saw gl X^! (350 К) 


Ww 
— 
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CHAPTER 23 
Exercises 3,7, 4, M 


Peoblems — 13, 17, 19 


Exercises 
43-3 
A) intensity in water E: leq, 13-10) 
Мы Рр 
and in ale is T, = зас 
0. 


1. 1 
t = ka = Pmax = Pmax ja 
T Bw 24е, Ba 
Imya = H AT 5ш) Yu 
мох, a еа Ba 
\ | 


is 3 а - = = 
ем = 1.0 X (0 кдм 3 ) Bay -= k uç. g xio7 l! fa = 2.18 x10? Pa. (Table 12-2) 


ба = I. 3 kgm? ; Ba = |. Hà x 105 Pa ( Example 43-1) 


Pmax ar _ -| \.0х102 к 73) 2.19 Х101 Pa) j' = 58®,(6 


Prax, о. (1.3 а.м 73) Una X10 Pa) 


b) T = ^1. p B 


Panar = Praga => 27, „б, = T, fen 9, 


Lag _ Ba \ 1 = 
T. — meom = [уял | ш LUKO _ 
23-1 _ 


7 0) Ba = 10108 (E) т B= lo tog (=£) 
&.- pi = 10 { og 7) - Rog REY] = todos C EE) = 10 Rog (= ) 


43-1 (cout) 
From rhe result derived in (a) 


2. 
Ta (Pw ja рс L | (Pmax) | 
б” «ы 10 log Еа 7 (0 og | XT (pmax) " ita Tan a 


(фах) 
6-6 = 100g d 


(We have used khat hog eae arog x. ) 
C) B= 10 Log (=) = 10| og I -Log T, | 


e Ф 


= Log L,==1% 
@ = 100041 – 10(-12\ = 12041010 L 


\„=\0 


43-4 
kak = &- ta 
3.6 beats-s"' чу F,-f, = 3.6 z | 
One Frequency is uuouz the other 15 44nH2% 3.6H2 


= 443,6, HR or 436.4 Ke 


osition of source 


atter kime X 
— LE 
Ck (distance wave емей at K=O has traveled in time +) 


_ distance over which waves are spread _ _ ck-Vit сл, 
y« Жам шй vids wus im айба... АУ Сады. sag) 


-— 


number of waves emitted Ae £ £ 


34.5 м.5-\ -30w.s7! 
d= 500 Ha — 063 mm 


\) Ns =30m-s-! 


(0) cm (S) Vet (S; 


С 


ke к=з К. ш = 13-16) 
s $ 
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23-\\ ( Cont) 


_ 34S wms! +30m- 57! 
8.220 we 


Ç B 
C) L = 08 per 


& “ту S [шеге (5002) =н 


_ © _ 345ws^ 
f= YX бозк = 5Ч%Це 


Сә @ 
{ = “taf 2E A ) (soona) 


345 + 30 т teole 
_ 6 SYS v.a: $ 
E à 7C 0.15 m = чыны 
30w.s-' F 
e) a 5 as Ne = —-30ws-! 
(S (0 М = +15 mse 


(crv 5 
{ = [t = = [235515 (scone) = «тнг 


30m.-s-! 


“© ° Ne = +30 ws7! 


N =- 16 57 
= сх V. ~/ 345-\5 
f= Fe [ЗЕ (оона) = suo He 


a) wind mre” -10w-.s^' 


Vi anh Ns “л the Dogpler formulas are relative to the aic 
(A) "v ә 30 mse! 
Ny l0m-s7! kak ui 


_ 2u5ws-! —-40w.s^! 
r= 500 Kt 1...5 
Зуб: MESE EE 
(Cy Ns = -tows ee? Y Oms! 
Cx W, 
k =l L )&, 34S wes! r | O ws! 
9 SD © L CAN i = 345 ms-) -LO ms" ;)(S00He) 


f, = S46 Hz 
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23 ( cont) 


„з = ай CAN, 345-10 
о C» ө S [E Jt, (а [вон 
$ = Ччб4Ң+ 
(е) “е2 20957! NLE ERS ms- = me 
О €» © Ee, RES eo) 664 Н 
(C) dg en Ns = 420957) 


O Cc» © з Гер; Jis É (Sao Jso0ua)=u38 Hz 


Pe lem 
13.13 
a) Calculate L at this distance : 
в = 10104 (®;) 


$0 = 10 Los res] 7 Los Fori) = 9 


Е еттт =10* = То={х107*%* Ww 5 


2. 
C Pma 181 
eq, (13-9) ДЕ 5m РЕ ш? 


Baie = 14a x10? Pa (Example 43-1) 


A (42x15 Pa) (LX 107 Ww 2) 
Pmax = 40 S кк = 0.212705 


k) eq (23-5) Prax = ВАА > A= із 


am _ ang | am(4yoke) — 
k = > = £ x == 395 ws À = 7.01 w“ Ú 
N 0.4.81 V< 


= Aa VL -1 
Z QAXxQ0$ Pay (8.01 wo!) 4.52 ХО m 


CQ) Consider Concentric Spheres, of radii ti and V, , with the source at the 
Lener. 
In time X the Xokal energy passing through the 
AA Sphere of radius Y, is. E= LA, X, where Ñ =u e is 
the area of Se Sphere. 
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43-13 low | 
Bur by energy conservation this must equal the energy passing 


XWweagW the sphere of radius €,, Е. = T4 "mv? Ж. 
EzE, > T wk = Туйту 
т, vk 
„=, =) 
Q, = 4048 = T, = 1107 Wm- (part (a)) 
Q4 = 6048 = T, = 1X107? wem”? 


-4 at 
I - LX UO Wem 


2. 
= LL wane? ae ~ 
ah \ X10 W. w. * үн 


„= Sm (1X707) = 50m 


23-11 
COX approaching ^ | | 
Vear Positive direction is from He listener 
(S ED i kala ko he source = VUs=-Vear. 
<. T $s САА 
ts S C+NL СУ; ? t= £ CEUs ) 


fu = fs ea 


Car moving away * u | | | | 
Positive dicection is From listener to the 


№. = 0 AJ, 
р < ° бше ж» Me = + Vay 
Q 
kia ү. Tus. m t. ( C+ Ta ) 
E. 
tu Ч E | C-Vear ) _ C+ Near 
С = " 
кал. fs ( C+ Vear ) an Seas 
Fu Ct Ner _ 


haf -tone дхоу => = L054- “Co var 


fia 


1,0 54 €. e 1.054 Veay = C x Vear 
2.0547 = 0.054c 


> 0.054 = — ^ =“! 
Max 771.084 (345571) = 4.095 


[66 


43715 " 
d The wavelength of the waves is À, = y m 


The waves move at velocity сал relative to the surface. 


=> - velocity "UNE s Е] 
{ wave length crt, P fo | C 


The number of waves that strike the surface in time xis 
X = 5, k (SS) = (скл), - 


Ук 


b) wave reflected ИРТ 
ak 0 is here Surate | «surface at *=0 


хес Sime ЖОО gk Lime K | 


| 
| 
1 ck — 


———— 
"d distance from Ме t—0 reflected wave and Mae surface at time 


k iS tke yk e earl Ж, 
А _ distance over which waves are spread _ (c-ar\*® 
у= Ç waves а т 


number o 


Ao 
À = (c-m\t Ex using We expression for ft from (a). 


adi is Мерг 


Жыл са л 


Nore : Tie voblew can also be analy zed by treating the wall as 
A moving listener, and then AD Ain AS A moving Source. 


J 
Ө) ED А =+ АГ CAV, CRs ie Fol c ) 
Original 
Source wal 
52 Eo 
The above $, becomes V, as We восе TE wais (reflects) the 
Waves : " » 
— Cx 
8s sm M eg 
© C» ded 
WAN, 
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23-14. leony) 
^. = fs 
Cc, Ck. -> = У x C-Ar )- = fe es М) = { TII 


This vega I I 
| | agrees with We preceeding care fal analysis. 
e) She hears the Frequencies Со and t 2 f£ CE) 
АГ 
е 8-5 = f, [9 et = $, = - AVE 


C = AZ" 


| 6$ 


CHAPTER 24 


Exercises |, 5,7, 13, 15,17 


Problems 14,23,25 


Exercises 


44 -\ 
| mole => № = 6.02 xI0*? atoms 
There 15 one proton in 0. hy drogen atom (atomic Number = | for 
hy drogen) => 6. 04. xlo“ \ mole. 


А proton MAS charge 
of protons is Q= (6.02 K10*3) (4.60 xip7 ^ 


Amount of ch arge. 


14-5 
á) 1 74x74 
' < F _ 0.10 N 
r> 7? (= Y| Vise, 7 0.05 м аур TN wa C i 


| | 
я А = UTE, 


— 


TUTE, 


protons in 


вор”! C, so the ckarae of | mole 
C) = 4.65 Xl0 C | (A huge 


4 = МЫТ!) om each 


b) 4 = “th oat E 
\ \ ———— 
АЫ. 5 wk An шый. x Тр = 3 (ext 7 c) 


F = tne, 
= 119х107 
4.2 14, = 2 (L12XI07 с) = 2.36 от ?с 


-3,% 
| X 16 д 2 1.66 хло 27 4 


A4-7 
My (mass of \ hydvogen atom) = 6,02. X103 


My= Mug 
The force ос attraction between a proton and an electron 


Separated by a distance Y is 
Я \ \ | Амй 
Y тя Ae > "WEE, yè 


\ e Бы 
F = Ja => те, "үт = муд 
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4u-1 (cont) ч q 1 7-2 
June -À 4X10 Nw .C š 
=e E = Moxi tc (eei kA me) 7 LUIM 


(This is a very large distance compared Xo atomic dimensions. ) 


4-213 
3 
a) ag! Forces on $ ar the origin due to charges | and 2 
0. T. avre : I 2. 
ША X С, = F, = re, a* 
177 Fj and V. ave equal And opposite, $0 the 
Y А Хоҳо\ Fore F= f, +f, =0. 


ə ` I. 
—— = = ue art 
X 
coso = TR 


| a 
К sin® = Тут 


Fy = Fay cR, = R sin® - Е, зіме =0 

F = Fix + Fax = [| cos tt cos Ө 
Ха? 

tef. = as TSS (in the tY- direction) 


c) Note: F (x)= - F(-x) 
Flo) = 0 
Е (к\ ә as X> =. 
Thus F(x) Was а мох ммм | that we can loute by ar =0 
RE Le N. 
— Фу ( TOU - 0 
\ X 
Gum - З ge nec 
х^ - 320 = ХЕ 


The sketch of F(x) must therefore be qualitatively 
f 


- 0/7 
— HH X 
ArT 
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14-13 ( cont) 
Q X large = Atxi eX" 


+ 2 
\ 4X _ 4 пс 4 (24) 
FG › LT є, x? = ATEX? 5 UTED X + 


Thus Ahe two charges at y= FA act like a point charge of charge 
24 when the Third charge is Very Lay away, 


44-5 
À 
Е =F, 
tx =Y thy =0 
h = Fiy * Fay = Ah sua 0 
ae Ж ЖШ 
Sind = [ix 
2: 
NS 4 
К, е ume, Q^ +X * 
\ 2.4 
Resultant Gece Fek = AM 6, (atx?) 72 
ay yr) 72 3 agh -3 
pera) s ia) oe. = Roos ee 
v) 
F = F, Е Fa. 
\ 3. 


` ume, (ука)? 
$- I \ 
PES E чё, fran. I (yea ) 


$ \ ROMED T 
ps ҷте, y? | (\- %)* (\+ md 
The binomial expansion (Appendix B) 


яу A ень, 
бф, 


m— Q Ses " - Aa 
TLAN = (Ie) =- ү sen 
Thus 


uu TTE TENET RA  [|. ъа\ _ 4a 
(а=) куу — | + y (| ) 


IT | 


24-15 ( cow) 


7. 


к. ШЕУ cen б, г -3 
Fo тє,“ y тє, y? y 


4 4 
Kt = БЯ (4 ex?) 
Q4 dy 
Aq = “a Es à => AF = UNEA — (^ ex?) 
y 


X Siw 9 EM 
AR = AF sind = d coda 


_ Qa yay 


We A (KX*+y2) 


X 
cos Ü = Tayi 


X X À 
df = -AF cos® = - AF aye - ETT Tan 


0. 
Q y ^y _ _Q4 * -^ [^ _Q _ o 
Fy = As | (xt4y2)% ~ чте,® |- act) l ) - кек LF Кы 


QX * Ф 4Qx 1. LL [^ 
дак (кадак |"... ae 
x RGA jo (хау v6 LX {түе 17 7 eux lo^ ex* 


Pobl ems 


ан on Х\е left: Ball on the vight: 


mS 


(E is he repulsive Coulomb Fori 
exerted by one ba qe the other. ) 


b) LR = 0 = — A 
i= ООР 
Tale =Ü = Tsina -F 20 


P. = Cou) $i 10* = mg Хом 2,0° 
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C cont) " 
E = 4. T . . TEI 
UTE, ch ЧтТє, (amsinid’) 
eL tan 20° 
— eY = 
Fe = mg tan 230° => UNE, pem Sin 10° )* mg TAn 
M mg tana0’ _ 8 (10 xio73 4) (9-8 м.-2) tan д0” ) (4.8 м.-2) tan 2.0" 
1^ (am sin 20") е — Vane C SR) C dX раса 


{= ЕГЕ я 
The sca t between the balls мом is AL sind 
> = = se (м м9)“ 


NEC CUM Š 
L = mg tan ĝ => UTE, uQ "siw^à mg tan ( ET 
36 XI0 °С 
sin’ Ө tand = ive, И цф®ма ^ (4x10 N- w^. С 1) (0.5) * оно 3 ka Y(4. $53) 


Sin? Хамд = 0.1699 


Solve Wis equation by trial and error This will 40 quicker if we 
CAA. make A a ood estimate of yhe value of Ө Wat solves this 
equation: 

Ө small = tanO~ sind. 
The equation Kren becomes siw 0 =0.1644 2» 5170 20.554 > = 0, S87 rad , 
or 9 = 33.6" 


Now refine Ms guess: 


B sin? tang O sinh Хам ®© Зи Хамд 

33.6% 0. 1035 34.0" 0.1155 3165 0.1691 

33.0° 0.1426 3\.5° 0.1613 4.46" 0.1644 

3 0, 0° О.\ччз $1.6" 0.14 

3\.0° 0.\544 3.3? 0.1105 This wounds kp 02 31.7" 
" X lm 3 4 47 0 1% ¿ 0 2» The forces эф are all 


attractive. 
[5 t F, = ENa 
TaN “Twas ete.’ © = НЕ | divection is away From the 
4 Vacant corner, 


\ а -4 
\ ML = (quo a c LAXI c)(1x107 'c) 


= A = oan a тє, š (0.3 / Ja ) + 
i s 4.00 C 
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24-23 (cont) 
Es 
Б, = Fix + Fax = 0 
Fy =F, + Fiy + Fay 
Fiy = IET = Ç, $\у\Ц.8 ? 
\ d 


__\_ 144 ; 0 
= ns Sin MS 


: 0-1 \(1 rac) s 
| ^ Fay = (4x10 мм.ст) С TEM EE) sis us 
€, = Fy = 3.18 XI0 М 


"g^ ЗЕЕ 144 _ аа ау (ахо 3c) (110-16) _ 5 
Fi. = UTE, ү? (4X10 N м С ) [Jë (0.2m) * _ 1.1.5 X I0 N 


Fy = AASXIO N xA (38 KIO W) = 3. 6IXI07* N , directed toward the 
opposite corner 


The y- components Veow the tQ and -Q Segments cawcee| = Fy = 0 


41" x= components add, $0 ca\culate x Crom the +Q half and then 
multi ly by а 
At 


The small segment ÀX exerts a force 


= — 
At = чт, хү? 


dq = Š ay => AF yet ior 
LF = -ÅF cos | С050 = X 


RF 
94 хадх _ 
EE ue pan (хну?) ^ 
a Q * x Ax Q -a [^ 
F = 24, AR = - зле |, ТЫЫ == x C (tert) г! | 
Q € \ 
ly £ = mal Y Tem] 
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^ҷ- ( cont) Q I \ 
no Бет CORR], in the еол 


Mw as y be comes large : 
"A CN. Dm 
p 2: €, AY Li J - 


\ у 1 
П = ( Ту, Ју}? “ш Ai tes (binomial theovem, Appendix B) 
Thus 


a 
pes aude CI- aya з! a voy ) 45 was to be shown. 


Consider a small Ax! slice out of 
Khe +0 half, the slice is a distance 


X X! Crom Msc origin. 
444 
OE, = w UTE, (x-x)^ ) 4$ dc ax’ 
if = Q4 Ax! 


N TEA  (x-x^)* 
0. I 

_ _ _Q4 ÀX _ Q4 La Q4 

n =}, An = TEA Jo (X-X')* Yea бт i ) = | sa =F] 


um X 
Calculate F- + 
1 


AC = яне T j 44= Lax’ 
Е = Gh чарук 
E =} ae A Í чы 
FER Ux], ) = Bho [+ - te 
ышку тыу дысы с 
Ë euis EET Um m $ in the +x-divecton. 
( Since С> E.) 


lis 


14-15 (cont) 


Аа | 
eec xU 
\ 
X0. 
Thus 
\ 
[sx * xa 
Awd | 
une, a V x? 


\16 


Limit AS X— large 


+. )— ++ %, 
— )— + - & 


~ уа 


CHAPTER 15 
Exercises 5,7, 4,13, 17, 19, 23 


Problems 47,19, 31, 3.5 
Exercises 


25-5 € => Е — — 
Е = + Съ Ft but 4 negative => E 1 (upward) 
E _ одо ^N _ _ : 
ç E> i “Эрте = konet 
25-7 
Feat => Е=еЕ 
Fe mg > eE=m 
5. (а.11х107 3 x) (4.8 ws?) u 
к are * Leo X 10 tC = 5.58007 Neel 
^ 5-4 


ç . | 
The force is opposite Xo the electric Field Since Ls 
negative. The acceleration of Khe electron is thus upward 
Є awd egual +o 


жон A 
н “W 
U.se xhe Kinewatic information +o solve Lor the acceleration: 
Y X= component y- Component 
X 
= 0 Qu =A 
х-х, 7 0.02% R Y-Yo = 0.005 m 
Voy = M ELOXIO wes" оү =0 


This is very similar Xo aA projectile mo tion problem, except Hat the 

acceleration \5 upward. 

Use уке, X— Component wotion +o solve Lor X: 
х=“ 


о 
x Xo = ex ч X MA ET 


= X- Xo e 0,0. м -— Ox whe 
k = Nox 7 1,0057! pi s 
Now 


use yhe y- Component +o solve for a: 
& = 1 
k= 20х10 5 


k in о = “0° + хаух" 


_ 2(y-yo) 4. ( 0,006) " is: x 
(ы € AXLIEL e = Aeb XOT ws 
1 k* (Loxo ^5) 2 
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25-4 (cor) 


Thus Е = LEY = о Мести, in the -X-Aivection. 


V) i - 
u É ç* \ \ \q\ x107 $c) 
04 О.\ м 4 — — — ,————» X Е = TE A =(axt0 ке) ee Ea 
E* = 4000 N:C^' 
tcu We (ау! мама.) MK) родо N: C” 
wwe, yè (0.3«|* ^ 
E ж AG ш AnooN:C^' — 1000 М.с! = $000 М.с in the tX-direction 
А oh 
sind = SO > 9 63.1? 
£' x _ \ \ \ _ а 2 (1x107 MA -\ 
E ese “ше can k бе ы. одра © 000 NC 
zu а 4 Ww. _ q 2, -2\ (1X107 bs Е 
E = 06; a (x0 Мм с Мола = (440N-C7! 
Ey =-E sin@ =- (\ччо N.C l) sin &3.1° = ~ ММ: С. 
си = -ET €o$0 = —(Ww0ON:C'') cos 53.1° = – g6u N-C7T 
е. = ELE -0-Wsaw. a = -\\Sanrco' 
E= Ех Ey = YOOON-C™! - 964 NC = 3136N-C7! 


ME: 


15-14 ( cont) 


Y 
Y — в 
| 


<] тү: 


3136 N:c 7 — 
asane = 4:14 
= Ө = 64.8" | above rhe -x-axis 


T + 
Е = [usa wee!) x (3126 Nc) = 33u0N-c7! 
Sand = 


+ l 
es ae 


= q Kio~ *¢ 
Е "= (310 Мм) 0.02 A) 
' E = 4500 N.c^ 
Е, =- Ecos us? =—3180М.С7\ 
=£, = 10-31600") = - 6360 №! 
Thus Е = 6360 №.с-', in yhe -X- directio. 
25-11 
For a Sp eve of radius R and charge $) Е = е, Y for c?R. 
(Example 25-12). 
Thus yest outside rhe surface the electvic field. is 
y 2. 
_ ER . _ (1300№: с! )(0.05w« 
= 4 ( une 4 XI0 N. k. Ст 


= 3,61 x107!'°C 
One electron has a charge of |.60X Ташы so weed. 
SAX, rt 
60X10 С 


= 2.6 XO? electrons 
^5 -\4 
yer A pply Gauss's Law to a cylindrical surface 
"IBN coaxial with the conductor) of radius Y and 
R | N Vengt Q. 
r4 `= p e t By Symmetry yhe electric field is 


erpendicul ay 
Хо whe cylinder axis and is directed ‘outward. 
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15-14 (cont) ый ш — — — 
— £ AK = [EAR r TE KN 
€^ 


curved 


t AR Faces Surface 
» 2 On the end faces E-ak =o and on 
LA ДА yhe curved surface £-4N = € AR 


N so, Е by Symmetry must depend only 0 
= Kae distance From Ahe axis => E is 
Constant on the Curved surface. 


thus f E-dR= 04 Е [аА = лз 


Curve 
Surface 


The enclosed charge Q Us M where À 15 the charge per unit 
\ength ow the conducting cylinder. 

(№ “is elated to the surface charge density by A= T(R), 
where А is She radius 66 khe conducting cylinder.) 


Apply Gauss's Law: е, $ EAR=Q А 
éE(aneLj= hh => ee t 


This Agrees with «4 (4522) foc the electric Field due to a line 
o$ Onaege , 


1.5 43 
N Roy Gauss Law toasphere of vadias v, where acr ch. 


9 The electric Piel. VS radically Out ward) So BR =ЕДА, 
anh E is constant on he Surface. 
Thus § Є-&А=$ EAA = E $ AR = € (чт?) 
Q=4 is he enclosed charge. 
c SEAR = Q = aE m eg => t - Сог (42v 4b. 


b) Tn a strc situation) E=0 inside a conductor. Thus Е=0 
for beric and €-0 for га, 


The only vegion left is roc, A poly Gauss's Law to a Sphere of 
radius SC: 
SEAN = Е (utr?) 
Q- 4 (The outer hollow sphere carries wo wet charge. ) 
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AS-23 ( cont) a s 
6,5840 = 0 SEE (me. 


Е = жет» 
д G 


4K €,0* 


Terre 
—$ 2. 
Une, C 


Ç 
0. ° C 


Л Apply Gauss's Law to a sphere of cadius C where b 2v «c: 
E=0 inside conductor > 0-0, Thus a ele d must be on the 


inside surface ot the hollow sphere. The hol ow sphere has no net 
charge, So it must have a charge $ OA its outer surface, 


Дс 
. Smĝ = prs T 9=67.4° 


lqil = 5107 С 
À 4179, 44» 0 $794. 40 4140) 44> 0 4591434409 
t € И 
же E 
— / à jo. 
Е. t z É, 
\ 
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15-27 (cont) 
V) Only im the 4140, 4,40 Sketch isit possible {о have Eye Gyr Езу =0 


ond ky = у х Езу negative indi =-SXIO C and $47 71441 " 


-b 
9 En | Е = ЕЗ (аҳло ьма c7?) XI = всу nic 


| YTE, (0.05w)” 
£e ha. (AXI Nw.) Me 


* WE que (0.1 Am) > 


Е, = (e.a. xi v c7 \ Gal 
Єх = Sa sin 674° = 14| (5.17 i0 c7?) 
Ei = - €, Sin 42.6" = - 6,42 xip* N.C” 


Ex HE tEay 70 = -641x0* NC x Ms Tax мс) =O 
145. = 120х007 5 and аа TETTE ge 


With ligal known, Eq = (6.25 x10" УСТ?) aox С) = 1. 50 цо д.с 


\ 


t= ES Ey +Fay =- E, cos 31.6" — E, cos 67.4" 


Ey =- (V QOXI0 N.C I) cos 22.6° — (1, 60 Х10° N CY cos 614° = – 145x107 М.С! 
Thus = KASKO М.с! , in the -y- direction. 


L Divide he charge Astr ibution tuto small segments, 

use the point charge Formula for the electric field 
due Xo each small Segment, and integrate over the 
charge distribution To Lind the total x and Y 
Components of Х\е Field. 


"- _ _ А9 
ha = Lass (^49) Ta. 


AE = ! L MEE ET. 


Че, q^ — 2m^e,4* 


KE, = + AE cos - үк cogo 40 


Р 9 - —Q 
ÀS, dey =*dE sin = te sin@ 40 
у, Q КА е я Wa. Q жые 
aot AE = ata J, co$040 = утте gt (sino), )= 216,42 
ш Q "A Q Wa Q 
y= J, дЕ, = 2025]. sind 40 = сда (- cose], le лє, 


art 


abe 5A 
Find the Flux through the parallelopiped) and yhen apply Gauss's Law to 
Sink Ме net charge within: 


Е ah = ©, cos 60° AR 


\ 


Flux Асом, this face is t = SEAN 
* = f E, coseo' АА 


€, 15 constant => Í = Е соз eo fai = E, coseo' А, where A= (0.06) (0,050) = 0, 003m* 


À E E, AR =- E, coseo* АА 
50°) = — 
AR Flux through this face is Y, 2 J E; AÑ = (Е, coses АА 


Ea 15 constant > Y,- -E ws’ JAN = - E, cos 60° А j A= 0.003 m ^ 
The wet flux is = Y rt, = U&-E)ose'A 
F = (ахо N.C УО М.С") C0560" (0.003m*) =- 30N mt. C! 
Gauss's Law: є„ф .АА=@0 
$ EAR = $ --30N.w*- C^ 
=> (= (gesu xno CN ww?) (-30 мм c7) -aby OC 


(The enclosed charge is negative ; the flux into the parallelopiped is 
lacger Xon Хе flux out.) 


5—15 
ees p (\- */R) for roR, & = 38, 


Q-0 for тт В 


a) ke charge density Varies with Y wmside the spherical volume, 


dv Dwide yhe volume up into thin concentric shells, of 
radius r and thickness dr. 
The volume of such a shell ts AVE чие Дх. 
The charge in he shell is 
he = eco AN = те ро (\- */R) Av 


The oral charge Q ia She charge distribution is obtained by 


Wwregrarin б, over all such shells into which the sphere can be 
Sub divided : 


RE 


45-35 (cont) R R 3 R 
ч = Jag =}, «тү б (I “/e) de = т | (v*- RT) Ae тр [S N ae l 
3 Rt 3 3 
Q=4ne, (5 Xx = 4T Qo Ux) = чт (йз (=) =Q As was to be shown. 
v) Apply Gauss’s Law, to À spherical surface of radius Y, where r>R: 


— 


p > ,— 
n k €, $ Е.А = ЖИИ 
| D \ €,E ут = Q 
/ 
% / V^ E “ыс ; for r> R j Same AS for powt charge of charge Q 


C) A poly (2auss's Law to a spherical surface of vadius v, where у В: 
SE- AÑ= E uar! 
Vo calculate the enclosed charge Qa.) use the same 
technique AS in (a), except integrate д4 out tor rather than R. 
(We want only Mat charge Inside radius v.) 
Y i с 13 13 TEE 
Qonel =, u v? gu T Aw = ште, J (r-i = уте, Ei _ Y | 


ЧА /][o 
3 ` 
Qe d = Что, Us - aK | = Ang r* Us UR) 


3 3 
= ar = Qaa = 0 (4-4) = Qs) (9-3 R) 


R 
Thus o | 
e SEAR = Amd => є„Ёчат® = (5) (9-3) 


R 
ES ae (4-3), ге 


Ñ With х= 6 m the rZ Q expression (part (у: 
EIN - Sc 


wih х= Ё in XXe се Q expression (part (d): 
Q a жие 
E(R) = Gre, a? Means «Té, R^ 


So these two results agree at the surface of the sphere. 
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CHAPTER 26 
Extvcises 1,5-1,4, 18,17; 19) 41,24, 271 
Problems 244, 33,37, 39,41, 45 


Exercises 


aan . 40 TA - 0, &x107 5c) (4.0 xl07*c) 
\ = теи (4.0XI0" М.м £z) 0.8m = -0.0215 T 


(Note: The electrical potential energy for a pair of point charges can be 
either positive ov negative, Repending on the signs of the charges. ) 


e) Use conservation of energy. Only Me coulomb force does work 
= K. t= kata, with Uo xe ae 
veleased from vest = K, =0 


К, = amy 
U=- 0.0225 7, From (a) 


NEN A (- 0. 5x10" °C) (40X10 c 
Uy хе, 42- = (аҳло? м: м^. ст) \-0дшю-ес)\чош c) = – 0.094.507 


K +, = Кох => 0- 0.0225 7 = MVE - 0.09507 
EMA = + 0). 0225 Y 


_ [200.02%59) ы 
A. = ap xq = dives 


26-5 | 
T Som N OM m po hi 
4, q. HME, Z= Ç. 

\ Sa 

Bem b cm 0) Va = uc t 0.05 


_ a а №. A. c7 ы P 
9 N = SENS (uoic — 3010710) = 1.9 xio? V 


adu Is: qs: a (towo tC -30X10 Îc 
b) Vg = чё, т ы е) il ip MAC тее =з 
Va = 4.5 103ү - +650? N = O 


A Wag = Ua- Vg = 4 (Na Vg] = 2,5107 c (\.%Х0°У- 0) = x. sxip S 
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a) à b) V= ЕЕ >. i 
0, a> NV, = axe, (4+ 4) = бе 
x QN uw 25 & 
» eu 
4 


( 
From dhe sketch in Y, Ve e, [ae T Е 
—$ ——- 


V = ura Sa у AS Was to be shown. 


4) Vis maximum at X=0) and goes to żero as X gets large. Also V is 
Symmetric about the y-axis: VQ) = Vex). Thus a sketch of V(x) is 
V 


X 
= À. = eee L — E oui de 
e) V7 Vo = uae, ы A ANEA Bell. ж 
yar = а ex* 
ХХ = 341 = X- *j34 
46-4 
Vab oV 
a) From Eq (26-14), Е = T = soy = 5000 N.w-l 
N іж + а 4А a , 2 
> = E 
eg ill i L 
b> — 
Wam = J 


Wa, 


> 


The positive plate а. is at higher potential 
b b 
Cdl = |, Fal = ДА EAL -4 EA, where A is the separation 


between the plates. 
p = (21074 с)(.5000Ү: m=") (0.1m) = 1.0107 


(QWas,y = WaW = [Va-N,) = $ Vap = (2.0101)(.5 00V) = 1.00007 
Ab-\5 


b> > b as — 
Was, =I Fak =4 f. 2-40 
a dd 


Rut Edl = 0 = Was, =O 


($6 


26-15 (cony) 


ЖЕ: e4t--sat | 
Шы. ede ta sae 
US 
i Wavy = = (25KO FO) SKID NCH!) (0.8m) = —1.0x107377 
£ 


37 Tilg cos 45° 40 
we 


b> = b 
Wy hs = «4, Е 40 = qE cos 45° J, Al = q E cos 45° (1.60m) 
Wasp = (2.61075 с) 6 XION- с!) (Wos45?)(2.60m) = 4, 30x107? 7 


26-11 
outside Хе sphere) с> В, Е(«\ = 


_ И 

UNE, х? 

inside Ме sphere, rR, EW = mcm 
Lek point B be at eo, Vg =0. 
First take ME А Xo be at a distance v>Ñ from the center of the sphere; 

I i E-AL 

2 тӘ » E 
Ne - 0 = - Ce E-d¢ both E and AF are radially outward => Е -AF = Edy 

Ne Jn mar 

In this range of v; v7R Хо оо, E- us ү? . 


Е Q eo - 
Ve Sn н f Tae, C aaa 


а 
Үсом Mus expression, ot the surface of the sphere Ve- wen . 

Vo Fink Ne od 9 point Cor which M yake point Bart Ñ anh point А TY! 
Ns - Ne = f ead =>  Ne-Na = UM E-Ae 


Luside We sphere É iy ri ball Kalt >=> E dy = Edr. 
In Miis range oC €, reR, Е = Xs R 


R A А 
Thus \y-Ng = ү Ede ист, dy = dr rår = un (xe f^ 
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26-11 (cont) Q 


ç Na = ere, Rp? (Ri?) 


Q ë Q Q Qr? 
Ne 7 + 41€, RI (Ва) = е ^ MER — зке, 93 


Q 
Ve = тє? (за e) 


Ab-\4 


L Q q [Een ка 

From Example 26-1, \ = UT €, EVO NETS -4 | 
ÀN _ E Ww À ЧАКА ta 

Ey = €i 7" $7 6,0 [хы - Ф | 


_ À 
kl, f) = & % 


аа a) Ur 


Ь\, Hana L | К“ OK 


Х 


= M a = ии. WEM A re Rx _. 
In +x* = Па сын: ja. +X a | 


Qa L (Кое tA (акт -a) 
_ - 2ax Goo да 
Гоа" V at ex* “a | =~ "rav 
This [S e).  —— = | 
Ex = (теа \ х аак) * unex fax? ) which agrees with 


Ex as calculated in 
Example 25- $. 


26-2. | 
d) No electric Fell — no electric force. 


OTTA (Viscous = А. => д=0 


" li > force) mg - ыту Au =0 


z MS. „ [ayuy iwa (4.8%:5-2) __ -4 
mg ч өтүү С GT (Vox 7 N-s- 3) (AX107 м) = 4.33X10 west 
k) | Е= 10е Е ( Е downward | charge Note : ma = (3 к\р Ka) (4.3 v. $7) 
negative => force is _ 
upward) mg = A. A1 X10 ‘SN 


46-AV (cont) 


F= 10еЕ = lol i.coxio ec) aao SN. c7) = 480x107! N 


F >mg = Xhe oil drop travels upward, so the viscous force is downward. 


Wer = Му => L=0 
1 (Qet- ма - p (W Ут = 0 
l0eE-v^ _ _ wsoxi UN ач N _ 4 
wg" "eme v Me ew ут [үш NS) (ан) Act's 
Upward 
16-25 
0) K + \Ху = Ka + Uy 


K = 0 
Ka = Ui Ue = 4! -w = eN - Na) > Ky = e SN 


Vest energy E, e wc? = (aa X0 2 a) (3.0X10 5s) = 4.30107 T 


K, = 1% €, = К. = 9,2010 y 


_ < taor T - 
NN = 6 = колот = 52150 = élasv 


| K $.10xi07 T) 
b) (К=з => WJ = i = (фах = 4.24 X10 mS! 


N _ 4. Ayyo wes 


— 


С орн 7 DI o Ага. 


c) Now Yepeot, for À proton ` 


Ka = е № as above. 
Buk now €, 7 mc? = (167X00 ™ wy (3. 00x10 5.5-)^ = 150x10! T 
K,=I%E, = K= Lsoxim T 


a Me’ eons 
NN = — = BUT ELM = 4.33X10*N 


„ aK _ als xio!) 
“= w = етмо kg T AX ms — are 0.|Ч\с as in C, 


Note: К= 1% E 2 му? = (0,0) лс 2 valoo c= OLILE, 
(independent of va. 


=» 
a) Е P EE. (V e0xip ^ Cy(.0,000 N.c-!) 
e е ж д.\\х107?' kg 
| " _ TN 
= e А = 3.51 ID U ws 
с=-еЄ => ú= "| downward 


This acceleration LS. constant and downward | so the motion is like thot 
of б projectile. 


X 
| X= Como QW ew о 
Y X-X, = Voyk + kat 


0, =0 
X-Xo 0.04m q 
-x = 0. = = ОТТИ = - 
X wa ? О Mm. K Noy AXIO ws! 4.0 X10 5 
b La component p 
Noy = 0 YoYo = үй + kayka 


3.51 Xl0 ws 


K = 2.010715 YYo = k (3.51 хло.) (2.0 107-415)“ = 7.02.1073 


Y-yo7 0.102 см 


b) 9 NK Nx = LWD и 51 
| Ny = Voy tdyk = 0+ L3. 000 5s (2.01107 5) = 1.02 xip y. 57! 
| . 


"n. .N Loin w $7 _ _ 
Ny Vo Yan = 5 = аот 2 0351 = 029.3", below the 
horizontal 


C) ес tk \eaves he electric Field between Me plates Aue electron travels 
(^ A Straight \ine, wi constant velocity components (€ we neglect 


aov) ! 


[9] 

dy = 0 4 Х-Х = Vox K * LARA 
Nox = 1-0Х\0 ms” X-Xo 0.1. 

_ E s КЕШИНЕ 2 cil Th wA 
ue ke Nox 7 2.0015! 7 e.0xi0 s 
- ne о 

EN 6 e-l + 
Nee айаны T isa pt ШП Y-Yo = Vyk + tagt 
k'a 6.0007 у-у = (1.02 X10 0.57) (6.0 X107 15) 


\-Yo =f 
Y-Yo = 0,OWAlw = W. Al см 


1< 
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46-24. ( cont) 
Thus he electron travels downward a distance Ц. см alter (+ 
leaves the plates. While traversing the plates + traveled downward 
0.102 cw, so its total downward deflection is A см £ 0. TOcm= Ч.А см 


Note: Ls the neglect of gravity justified Í The acceleration due +o 


ЗАН) та Iw k = Goxi0 ^s the downward deflection due. to 
Qt avi \ А5 


We kakta x (а,9:5-\(6.01715) = \,16 X10 Pm, completely negligible | 


Problems 
26-24 А 
<— Е 
à > — 
) 59 4 & —@ Ж k is the fore Aue, to He 


electric field and C is the 
other Sorce. €: 


Worker = (Ky +Ua)- (KU) 


- а - 5 dis - 
Wotker = Wy... = AX\0 3, positive since om is to the right and the object 
T moves Xo the vight 


K. = ТҮ 53 
Worker = Кух А-у => Ui- Us = К Wother 
But We = = (1-0) = Uy - Ua 
=> We, = Ка Weser = SX T - 4.01077 =- 4.5 x10 57. 
(We, 40 since Mae Force is to We lett and the displacement isto the right) 


b We =- FR À = - Sp oe. „шы... Е 
) We, T Pog eee “HL = 7 (x 4c) (0.05m) = 30X10" N: С”! 


c) The problem asks for V -N.. 
Wisa = А W. = 4 Vi- Va) 


W - 4.5 1077 
Мае gg ore Жн > 


We Know that V <N, because the “езе дз ont 
high potential €Mvwacd low potential. aan К т 


\4 | 


N Tes Calculate the electric field É, 
cl ж a Erom Wat Me Force , and Ж е 
£ | 3 Sg | Seren Khe acceleration of ua. object, 


ae ee Then we can Use constant acceleration 
Kine matic equations. 


l6 00V 4 
Е = = У a 0.04m 7 = UO XLO* Ve war! = 4.0 y0" N: C ү 


Fag = eE = (eoo " C)(.0XI0 NC) = 6, кот FN same For proton and 


electron 
F ç, 4107! 5N 
£ _ 6y ipd 


for the Proton e 7 We = туру kg 7 3, $ 3X10 ^y. st 


Consider Lye motion of each object * 


X 
w Lek y=0 at Me positive plate , At k-0 Me proton is at yo = 
anh Ме electron ts at Jo = +0.04m, 


Peotone н ыта 

Vo=0 \~Yo = Vox 50 о =O Y-Yo= hk tzak" 
-Noz Y = y- x y- 0.04m ү- 0.04м = е k` 
е" Op = |= тарх? as (is upward ) 


(0.04m - y) = Oe k 
‚0 hi 
Combined , We se equations give 14 21 < = AD YA Y) 


(0.04) Ar _ (o.0uw у (35.93 xi0 ws?) _ 2 _ 
С ләм — 7 343x003 1.03 X10 Emsa T MEX = 2L SXIO em 


(distance From We positive plate) 


y) DU = 4 aV 
KUADRK= 0 œ DK=-4AV 


V 
lw terms of magnitudes K- = У > ху eq V > Arz [y 
ae V eV 
KI me | Су me > lee > eal W 
_ aes = Ba; TN СЕ" 
„= Cirma Nop US Vp j the velocity is 4A8 times 


Х\ е proton velocity. 


A K=4V =е у same magnitude of charge, Same potential aitte rence 
=> proton and electron have equal kinetic energies, 


133. 


26-37 


The proble m Says Mat N= le0volts when х= 9 y ip” ya. 
„М - [60V 5 4 
> С = ч, = ———— = |,00 sm 3 
„Жаы EUN 
а B cce = - CK, 


(The minus Sign means that Ey ts i | I \ 

| x 15 in Lhe weaative y-direction, which 
means that C points from the positive foe toward the ne ive 
cathode.) š 


| Fege =-еЕ = tec” 


Then 


Wolf way between dhe electrodes = Х = lX у, 
Є = k (16х00) (LooxioS vem- Ya У( цул 342 


F = 3.341071. vem! = 3.34 X10- EN 


<= 


с 
From problem 15-34, EQ Tc for VAR (inside the cylindrical 


charge distribution) 
ЕСА = =. for vzR 


IME, 


^ 
Aso, рт RL =Й > e^ “WTR? у SO the result for c£ Ñ сам be 
written also as 


SOLE CERES 
à V=0 ot c= R 


Ve foc с> R \ outside Sle cylinder) p 
Na. - Ny = j, EAR 
Take ? 


3 omt & Xo be at A and point b to be at с>. Let 47 = 
Е and AF both are radially outward = Е.де = Edr. 


Vhus  Ve-Vy = dis Edr. (Na =o) 


La Ms unrercvyal (r> R) C (v = unm And 
LY À X 
“=, = Кес àv = ( dr 


тє SAE =з Is UR) hah tn) 
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And the potential decreases with Increasing 
Vp- as с—> оо.) 


46-34. ( cont) 
( Note’ х= А 2 V. = 0, 


distance Leom Х\ е cylinder ; 
Чү for VER (inside We cylinder) * 
Wa -Vy sh E -AL 


oint A at с and b at R, where rzR., Lek a = Ay, 


Хоке 
= Е дс 


Е anà AY асе both MEM outward РА А ar 
Thus Ve- Vg = Ó$, € Aç. 


lw Wis inte eva ке E Cr) “GE and 
МС 
N«- Vg = SES "ES år = ur duet rar = wo [TW k (os к^) = Ace 


Va 70 > Ve - ue; (0 VARY) 


(Note: х= & = Ve -0. The potential is AZ аб v=d and decreases with 


(1- (ley) 


Increasing el 
V 
a * 
Pw Bw 
MER UNE R R 
2. ЗВ 
" 
Y Alna 
R AR ЗА ~ UE, 
\ &n3 
UNE, 
26-4 y 
NI ( Call the coordinate axes x “and y’ 
E y E "NN So as wot &o confuse them with the 
; — x— р X awd Y distances given tin She 
X — v; алд problem. (y 


S\ice Xue charaed cod. wp into thin slices of wihkh dx’. The potential 


9 
at 9 дме Хо a slice having charge 44 and ot a aistance x! from P 


\s À 
AN = um €, X 
ts expressiow assumes ÀN —0 as X'— ©, AS we were told +o 
ASSUME, 


\ач 


е ч\ ( cows) 
i дх_ 
Me ds ) ax! = ÀN = ча E 


lwkeqcoke Over Xe \ength of ye vod ; x! fanges From X at dhe 
vigt- hand end to Xx "i Axe other end. 


O+XK t 
ү = Ne “REE Мт и. oo (kn x аса bn (3%) 


l 


v) p 
A \\$е yhe coordinates shown in the 
ed skekch. The slice of width ax 15 
by A disxance {xt 4y3 from the point R. 
x — i — 


AN чч 
Q aX 
àg = 9 yy = d= UME a xxu 


When we m over Х\е length of Ye vod x ranges Tri X20 to X24, 
N= [< we, 0. Ter ja wee nee j| = a у | 


(The expression for the integra) was found in Appendix B.) 


à point Y 
Vea = qiga be) = rar h (l+ T 


ln (14 °) = > " Е аы =» > for X large ( Appendix 8) 
A 
Tas NG) — wu (Х\= сү , 
Se Adr X large, V becomes dst of o point charge (as tt must), 
Own 
Q А 40 +V \ _ _Q a 

Vly) = UTE, A hy [ Y ^ mE, O- INI y rin Алуа ) 

= m 2 
Jie ба = CIx S) 21 Ex + 
banyu. — 8 IN as y becomes large. 
Thus Vy)? xe 0 (1+ 7) 


13.5 


d M1 cons 


1, 
But (14) =~ + — + 
Q Q 


Thus for ү large V becomes thet of a point charge, 


26-45 
Problem 25-35 dealt with We spherical charge distribution 
еб eq (\- r/R) for с^@ 


ond er) = 0 for <> Q ) Qo = 25. 
Th was shown that Ele) = reus \Ч-3ҖЖ\ for еар 
Еб for х2. 
bo -> 
N Va- Vy = 5, EAR 


Take À to be at © and b Xo be at ©. Then Vç = Ve =0. Take AL =47 So 
t.ÀY = Ç Ac. 
° À< Q 


EX us = DO ЕБЕ и Q 
Ne =), Ede = UTE, Jc ү ~ Té, C. ) = mrar) the V(r) for a 
point charge Q 


à a-pe EAT 
Take b Xo be ot R and a № be at v, where eR. 
From part (a) Ма = RER 
We- Na = e AF = NETS, - St, (4-3) 4с ee ыз} 
RE ER [20-5 "n cS [ar-r асъ 07] 
а EEG EE 9 
Ма = ате = СЕЕ 
>з ае зе 


Note: v2 & — V, - (Аа-а R*) - у as it Should, 
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CHAPTER 271 
kyevecyses: A A 13, vi; 19 


Problems — 21213, 11, 31; 33 


Exercises 
- \ 
Ai. +0 hant - 
й Ме s0o0xio ^F ^ 400V 
A AC (0.2x1073m)( оох!) 
Ce ek A А6 = НИ mint e sem 


N 400V , 
e) É = = re eT Em T 2.0 xip* V. m7! 


k 
C 
N v2 S. ant = LÉLY (y. 


А171 Gi Ca 
КҮ, ba 
A 
C z C, = Cg 2C, = Am 
Vab= 48V C4 à | E 
pee 
4 
Replace the capacitor combinations by their equivalents : 
C C C » — = C 
"Aue. SRE Rt bt hr ge ge dint yr 
Cu. C 
143 
L = —4[— Cus = Cia * C5 = E хр = 3pF 
“3 
— a ETET \ =—— + -— == + lc = == 
= ti Casa Cus Cy ~ АЁ жЕ Т БАЕ 
Cu Сузу = fF 
awe 9 £ 
k 52012, T Cuan AF US ы. Quas = Crazy Vab = (SAF) (4S ү) 
b ha РЕ: = 57. 6 pC 


WT 


41-3. ( cont) 


Now build back we yhe original cic exit | piece by piece : 
Су» 
б o Q. = = ыз = Q su (the Amount of charge Ahat Come ‹ 
b 0—3 out ok yhe battery [US the Final equivalent circuit ) 
и => Qy= 57.6 RC 


= _ By _ STbMC _ 
V, x hae xo 


Va = N ы = Vig = Ма -Vy = U$.0V -4%.qV = 14.2V 


mE = С.У, = (ад F)( 14V) = 384 C 


< 19.27 —— 


Qu, = Cia Va ) У = ү, = qux 
> QuE (АЕ) (14.2 v) =(4. Ic 
A idi Mac 
y= Wane) у= = - qa. V 


T C4 LAE = q V 
A Vaa =N, = 142 У (ov Vad = МУ, = 4.6V+4.6V = [a.av ) 
«1-4 Q ЭИ: 
ER. m - -LIMS - 
À c= Vab => Nab = "C 0.001 u F = ee 
b) М=&@\/ = ki ae = asx Ta Lari I 
(noxio 2⁄4)( 0. 001 X10 E 
e) C Eu => N = 4 = l.S 5 X07! ^ 2. N7!.w- 2 = 0.113 m* 


À dielectric breakdown Cor € =40х!0° Vem! 


М = EA = (8.010. m7!) (1.0. X10" Fm) = 300V 


21-13. 4 ^ x 4^ А 
Aussi, co m ER | " 
p X— X«4x 


_ (хадах) 4^ 
U = DEA 


14$ 


41-13 (cont) 
c) AW = \Д(ххдху - АС) = Зама. ax} = -FA 


2. 


But also AW=FAx > F= Aw = = 55-1 


The reason is that E is the field due to both plates, 
If we consider Xe positive plate only , 


hs є, $ EAR = Q 
: ЕКЕТ А > E= = aha 
The Хоссе this field exerts on the other plate, of charge -4) 
is c= a š 


1-15 А 
С= Ке + Minimum № 2» smallest possible й. 


Na = Ed = L= See 


Vae must be able to be as large as 6000V, but E must be smaller than 
=» Чыкты = 3.00107 Im 


E (3.0 y407 €) (0-15 xig * F) 
Then k= е = (3.0310 tw) 0-15 Е |. 64 м^ 


3 (9.45107 СМТ m-*) 


ii 
à K= 
Without the dielect eic Ve electric field would be 
В voxio ТС 6 al 
= мее 1.13 X10°V- 
г: NI N w-?)( 100 X107 m) ы 


\азх0° V: va 
pcc o e 


аа = 3.42 


b) The surface charge density on the plates 15 


ve = ОК = ka 05 Сем 
2.44 


eq. (21-13) T-T; = = Sr. =T(\- +\ = т (KL) € (LOXI0" 5 C-m-* 


\а4 


41-19 (cont) 
q, = 1.08 x9 5 C-w-* 
This is the induced surface charge density. 


then Q; =; A = (1.06107 C w-7) (100 x  w?) = 2.09 x107 C 


Problem 


FAAL = 
б C= 6, А = (9.85 ХОСА. N^ m>) ее = ТРЕМ F 
v) Remains connected to the battery = Vap = 50V 
Q= CVa, = (1x10 'F)(sov) = 8.85 xto"! c 


— SO  —[ 


A = похот = 2500 Vw! 


= 50У, = 5 (895x107 С) (Sov) = 2.211077 


СаО 


0) Replace Me capacitors by heir equivalent : 


J us she x obe ue Á Z 
C ылай | be S te la L ^ © 
m VL 
A C3 Ce = ==. = ЗАР = VF 
qp T" -^ EIU Vis rut 
d. 
ы! 
m OE wem 
"moral — T^ “4 Gs ` RE NE. 
3 
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11-23 (cont) 


E Lu wr и Cog = Cat AF = Зр 


Á C3 
0 | us — = A \ = 
| | @ 

AE EA Ceg = АЕ 
) aa s= 
b a 

ww р, Жүйө ME аена 

0—4 - | 
3 


Replace Cy anà he AF capacitor by Weir 3AF equivalent : 


Са 
„^о—— E The potential is the same for each of these 
A 00N 3k three capacitors, and Khe sum of these potentials 
\ 1s Nak = 400N = V-300N Lor each capacitor, 
b C473AF 
з= CN = (3) (300V) = 400дс 
Q. = GN = Gj4FY(300V) = 600nC 
C C 
kusa mas ges: 
Ca 3004 c; wt ( equival ewt capacitance for vest of 
° H LL | [Т uh 
C3 еа 4 


3 C 
| => М.) =100У (00У across each of 
300V 7743 These capacitors, $0 their sum will 
— À be 300N) 
C3 
A C C C 
À Am - МАА ( series) 


Q. = Q, = Q3 


e \ УМ —— _ Q а иа. NON 
Метан i de titana 
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21-21 ( cont) PR 
Q> — иш — = Mpat 


во F * xoc t цкі °F 
Q =Q, = Q, = AC 
©) \\= rÜ N +5 0,7, + ж Q,N 


But 020,29 > Us yQ (Муз) = & Q, Hav) 
V. = + (io ey Cuv) = uu 0-47 


e киш yl p $i | m | 43 
TF VD SD TS 
М, =U, = АҺ 
gitarda = Q. +Q, 0, =T2K10 C 


C, = Ca > 4i =. 
* D ;) ds - (GEE )43 = фз j ta = 243 
Thus Pt -TAXIT C =» 144244445 = 12XI0 Š C 
5437 72107 Ф q; = (Ht С 


_ 4 | MM X107 °С 
Then “3 =- = ауур = 3.6У j NERENN = 3.6V 


À UW = ELAS + +С А cde C4 AR 
му =^ =з AU = k (GxGxG) wi = 5 (a0x1007*C) (3.6 V) = 1.30 xi^ T 


Nee: Ui = чаи, Ug = 130x107 7 
The shoved potential nergy decreases by 0.\4 x107 t 


21-31 
À From chapter AÇ the potential of a charged 
-Q conducting sphere is 


JA Мет outside and N= shoe inside, 


ROL 


21-31 (cont) 
Ay distance Yas 


+ 9 – Q Ya is outside the inner 
N. = pom + Vouter = | ) 


UTE, Ya w€, Vy sphere and inside the oute 
` i sphere 


Ах distance Ç, * 


V, - po + Vouter t —— Q = 0 


= um €, Y, RN €, Y. 
(As we knew already, because E=0 outside the spheres. ) 


„Ме {45 ы 
Thus Ма = Va-V_ = c ч. m 


b) Q . _ — _ 4né, CA C 
C = Chaa С = we Fa 
Vab кє, (% с) ot 0 сі, As iere 
A р-а - Á 


11-33 
А T Ws capacitor can be viewed as follows, Consider 
ELA inserting a thin metal plate between the dielectrics, 
Жа. + Є=0 inside the metal, so this does nothing to the 
| gorentlal between the capacitor plates. But then can 
Separate this additional plate into two connected by a wire, 
The potential S wnstant through out M conductor, so the 
potential between he Cagacitor plates still yemains the same, 


This Vw situation is easily analyzed as two capacitors in Series: 


A A B К é Ñ e i 
— a = an p Oa C = GW Kik = aK r 


_ UT Ka Ala 


The equivalent capacitance is given by 


elt — =. м A... a Gtia - Саба 
G C, Co Ci C+ == CG +C, 


єА\- 
C= HK Ks (6) LEA [ KK , 


2.03 


CHAPTER 22 
Exercises 1,7, Wl, 13,17, 13,23, 15 
Problems 31, 33,35, 37, 34 


Exercises 


2,4- | 
N 30 C 
e) iR = naw Е 5 = 0.02A 
нб BEES 
_ X& _ .0.0aA 0.02A 
€ J = Ж = “yt “lasu. = 2.55 X00 Aem- 
_ = 3 _ _2М59Х00%Д.мъ 
iai а apu ^ ^ (5.8x10*%m-3) (cono 4C) 7 2.15 XI0 
2. $-] 
a) R= 


From Table 28-1, Pag = 2.63 X107 É Q- 
=< wA 5m) _ 
@ = (4. 63 107% A. m) (2. = {заха 


(0.01м) (0.0.5 m) 


ej. AR _ w (0.15 10-3 у> (1.32 ДА Q) 
хе 7 E E à = 0.0126v4 = l.36 cw. 


M 1.12 до” 9. va 


D 
al 
\ 


= Ж, | \ + c (т-т,) | 


Rr-Ro AN AN-AITGN  _ М 
Roem ^ 11.3 N(-0. 0005 (c9) ^ 28.5 C 


(a = – 0.0005 (C)^' Prom Table 2%-2) 


t 
a 
\\ 


e. = T= Бе. 


23-13 
open civeuit = L-0 
ç © L 


A 


R 


20% 


1 


4$-13. (cont) 
closed civeutt з T =\.5A 


0. ç e$ 
jc Ny r£- Te = Ма 
L Na- N, = Nab = Є-ТҮ 
R аЬ. ү, М СЫЗ. о, 
» L Е 1.5 А = ШЫ. 
13411 
à) Vay V o) N versus T is a straight 
"n line => VETR where Ris а 
\5 Constant | inde pendent of L 
\0 Thus Ohm's Law is obeyed. 
5 
\ 1 % ц ДА 
. 
à = т Ж. vo ER 
0.5 А LAGV h.36 S 
\0 A u.36V 4. 36 9 = 4360 
4.0 A $12 u.36 Я. > he aes. 
4.0 A pus V 4.369 
š эй Же ч Е 
Eq. (29-20) Реле е > р=тк 
f= TV: 


a) © corresponds +o V and JS to I, so use 


Eo LY 3, у 
а pa W E= на 


b) - Corres ponds Xo L and p to R) $0 use а = T'R ` 


ie = TR 
p- LA LA 
2 L 2. 
па > pe ERUR)-UR)p = Te 
2 2 


11-212 


a) P=NT = (14%) (SOA) = 600w 
The battery can provide this for | We. The total energy then 
Supplied is U= Px = (e00w)(3600s) = a.It Xio^ 7 


6 . 
y) Heat of combustion of gasoline is ньх10° 7. kg”! 


The mass o£ gasoline Anat Supplies abito T is 
w = Albxo J 


: _ -2. 
њх106 gkg! Z 1010 kg: 
The volume of this mass of gasoline is 
= M.a лоха _ - 
_ M Ae xXiQ* Xr 
C) x= P p Tum = 7.1Х10°в = 2.0 hr 
19-15 " 
a) I= g 
The total resistance is the [000M of the power Supply plus the |OxX1023 of 
Xe person . 
Thus 20x10? V 
= "loxio? 2+ 1000 


а = |.82A (lethal) 

v) P= TIR = (uqa А} Qoxio*8)) = 3,3 1x10 W 
3 

à L= 0.0010 > &- X 3 


V 
= эпе = 10х10°<\ 


Re Rink + esos > Rint = R-R person = 20X10°R - 101039. = 20X10°.0. 
Problems 


21-31. +Q =f | 
—\к | Tt Wwe plates have a separation À and area А, the n 
veSistawce of the material between the plates is R= k 
pe FEM Se „ЖА 
y= Q c e, C 
C eK e 
аА NL A Q 
= ilo кек] = Kee 1 AS 


was to be shown, 
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2-33 : 
Rz foc yhe original piece of wire. 


Cut into pieces of length {= 5 


k 
Each piece has resistance R= gU = + ре = = 


The three pieces are yhen Connected in poro Me]. 
? 


The resistance (е of this combination is 


given by 
Re \ a ee 50 3 R R 
* = — = = 
Rew Re Re Ы Rp Rp - ЖЕР ES ^ а 
11-325 є 
I zs W> * И «ё Va =N, -Lr +£ 
0. о Т=3А 
Vab = ge Tr 
Ë 
0. ç b 
= AA N. = Vy x [c x t 
+ xl Т= 21А (The potential increases when go through a 


Y¥esistor Opposite Xo the current. ) 
q.5SN = 2- (3AF 


WN = #0) 


Subtract = (SA) = ASV >Y2=0.5A 


Then $ —$.5N x (3А\(0,5@\ = 10У. 
ос. 
£ = WV „(Күлү = 10У 


2% -37 
A To charge a battery push current through the battery from + to —. 
# =\д\/ 


Vaz Vy es Iv + € 
Sh Eis. e 


Nab 7 Тс = QNA \\&К\(0. 45] = 15V 
) V< N T = (SVS A)= 22.5 Watts 
U= X =(2asw) (4b) FOS) = 3.24 хде 


X07 


311-3] (cont) 
Q P= T^v = USA) loan) = *5w 


\ = Pk = (ем) (ч wr) (26005) - Q.u8 X053 


N #-12У v-02Qq. €-1 K- Tç =0 
p T E _ АУ 16А) (0.2 2) 
R 1215А А = £ \5А = 06S 


€ PTR = (15А) (0.69) = 135% 


The b0 Ashe battery сом Supply \SA for yhe. Thus the total energy 
Supplied Хо khe external resistor is 


UE PA = (135 w) (у) (290957) = LAYI 7 


f) P= T^v = USA (0.29) = usw 
= РХ = [usw)(u bx) (25095) = 6, uexio T 


a) (by) => 3.14 X0* 7 delivered to the battery during charging. 
(eY— Vau xi0* T delivered Xo Lhe external Yesistor during discharge 


The difference is \.30 xi0* J) which is due to 6. 5X 10° T dissipated in the 
kernal resistance during charging and 6. 5XI0 3 during discharge. 


4 =\ Е 
ELLA a) - ~ £ = L¥,-1 4 4$, =0 
£ ta ja -8V _ 
R=3M iem WASSER = оа = OÁ 
b) Fe Re CST Тан 
£47 9N 
> = (о. Ау (IrL) = l6 Watts 


À clewical леч —> electrical in he LAV battery | Since yhe current [S 
going from — +0 + in this battery. 


P= f£, TI = (127) (04a) = 4.8W 


М electrical — chemical U yhe У battery | Since We current \$ going 
from * to — in Ме battery. 


P= <, X = (Sv) (0.48) = 3.2W 


LOS 


43-34 (cont) 


e) Rate of Production of electrical energy = 4.3 w (part (c) 


Rare of consumption of electrical energ 
= $3304. tin AE. SV battery ) + 1.6% Cin the vesistors) = 443 w 


Thus Jhe vate of production does equal the vate of consumption. 
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CHAPTER 29 


Exercises 3,7, 9,1, 19415, 17, 31, 2.5 


Problems 49,33, 25,31, 34, 45, 47, 44 
Exercises 
193 | 
mm —— = + >- i LL 6+3+2 
N QUI m= tant da $E 


b SL 
Req = SA = 0.545 N 


b) For each resistor V= 12 volts. 


Q, Ta = 12А 
-X _ 

42 QR. ` Y = Ñ 
& M. au UN 

= Ra” aa = ЧА 


Q) T = +Tax Т, = Aro As4A = 22А 
ос V 1a N 
PX Re 7 05458 7 2А 


№ LV Lor each resistor 


e) $2 TPR, = (C RY (in) = ew 
Ў, = Жы R4 = (6A)*(4 2) = TAW 
9, = T4 Ry = (ЧА (32) = u$w 


Apply the Point Kule to point 4: 
>ї1=0б=»т1т+ЧА=<ьА 
T = aA 


1\0 


44-1 (cont) 
€ Apply loop rule Хо loop (1): 
yAQN- (GANGAN - (2A) А 20 


-\%У 
R= AW a 
А A pply loop rule Xo loop (2): 


291 - € ¥(HAS(ON) - (AAY(59) =0 
Ç = XV AYVON = 4aV 


Check by applying the loop rule +o loop (9); 
©-(%А\(эҗу-(ч A (e SJ =O 
£ -19N AUV = ЧДУ Y 


à break Kt xk = Single loop 


Loop Rule 


=> 413V-1(32)-T(5Q) = 0 


_ 28У _ 
L= ç SL = 3,5 А 


24-4 
Ñ Break ot a and b => no current in the branch containing the 30 
resistor, 
1 Reply Loop Rule +o loop Чу, 

F VAN -T (1833 АА) -QN- T (4918) 20 

Ix. 

-%\/ 
Ym. Le WA 

9. Travel from point b toa he ough he 

\AN batery: 


VN, лом - (ЗА ам -(& SQ - (Aa 
( No potential dxops Lor vesistors having no current.) 


Va = Vie = 100-10 -RANEA = avow- le V = о, 27 (W> Vy) 


№5 A check, travel From point b +o point 4 through the QN battery * 
Vy лоу + (AAAS) FBV + CEN Q9 + Ce (Ad) = Vo 


Va-Vy = A0V ASV (AAND = -lOVATV EAV = 0, 221N ^ 


«M 


43-4 (cont 


y) Connect a and b => current in that branch, 


The currents as shown Satis fy 
he tea rule at paist a: 


» the loop rule to loop (1) : 
AN - I, UY- (ADL) +1, (1 9) - 10V 
+1, (3m) - rT (12) 20 


AN-T, (YQ) c I4 (4$) =0 
\V -T, (aQ) + 1. (29) =0 


EACOES ACPI 


Reply the loop rule to loop (2) + 
-(L Ta) (an) - CI, XT2) (43) - $V- (X45 TV (AQ) - T4 (30 c10V 714 (1$) =0 
10N - V +1, (L-A -\N-1N) + Ty (-2-10-2N -3N-1N) = 0 
AN c1, (-52\)4 Ty (-49)\ = 0 


LISD 1.149) —2V | (т\ 


eq.(\\ => Т=Т,+ У А 
Wse in eg. (re) = (Tat ANEN I T. (48) =2V 
LAUU 42.5V = aV 
.$N ; . . . 
ta- aa “0.035678 (1, \ opposite ko the direction assumed 
in the crecuit diagram. ) 


Then I=L + ZA = -0.0357А %+0,500А = 0,8640 


44-4 Ag - 109. 
Want 10A im the external circuit Хо 
Q „=0.0®%А produce 0.048 through the galyanomerer 
cs joA = Le * Lek 


\оА E 9 Ish ls; 210R8- ig = 10А – 0.03А = 91.994 


The potentia drop across the shunt must equal Axe potential drop 
across Х\е g a\vanometer branch 
=> Tl, , Rsh = To (RF Ro) 


h A 
R= кл, -%є = = (AREA 0049-109 = 14.46 -10 = 4.46 ©\- 


AVA 


14-13 
For each range seting the circuit has the form 
Re =I5N R 


TIo- A * 


ME EA 
For Ve3volts, RaR > ТОА) = У 
R= x -Ro „с; - ASS. = зуу? N-ISN = 19485 
& t Ry, = 2040 mn. 


The resistance of the meter is 


For \/=\ volts, R=R +R, BL (Ag +R, +R.) = \/ 
1591-2965 L = \5,000N- 155. - 146 ү =12, 000-0 


V MN 
ETIEN 


R= k. dnd Re -Ri = iyo Ñ 
The resistance of the meter is 
For N= \SOvolts, R= Rt Rit R, = TIRE +R AR tR JV 
Raz Y -R -Ra- Q; = el? - 159. - 144 5 N 712,000 SL = 150,0005--15,000 S. 

Ra = 135 000% 
The resistance ok che meter is R= V 5х10®5\. 


eR. Re = 


im. QRi=\5,0002 — Q,-7150,000.5- aN, =V 
l г Ыб 
т Nu Wa Y(Q +R) = ү 
<——N= \n0 volts — "E eee”: ЖИЕНИ >ч 
LR 15,0009.%150,0005 ~ TXTX А 


Then 
N 2 T, R = (RA А) (05 000.0) = 10.4 V 
Na = 1, Ra = UY S) (150, 0669) = 104 V 


( Note: Vt N, = "10V, as required. ) 


KANT — 
À д ссе Ае) (eq. 14-4) 
C= 
Т: Q =VC = Covi loriot €) = Xi ^ C 
Ac = (pios NCIOxip F) = (0 5 


N= 100volts K = Ü = 4 = (ixto-Fc) = 0. 
k = 10s q = (ix) C- e^) -besuc 


k =55= q= (11075 c)( 1 - e7 аі Е 3,43 x10" ËC 


К =\05 = gU AUE!) = 6 3210 C kens q = (toee!) ооуу 


A13 


C 
X eI ^ k=O =» (= (Ixo ^ Aye" = EAT 
k= 55 = i= QX107 AN e 5/10 = c 07x07 A 
К =105 = (= (iig A) Ü 9"? = 3,68 x10" FQ 
k-305 = i= (KoA) em 2/19 = (¿ç xo A 
К =1005 i= (xi Ауе “10? = ц, syxlo 1A 


= LULAS 
lo7 T TTS 
з = lou" А 


_ -Qi 


c) Q:=0, @5 =охос x, 
x. = ax ñ 
9 = = Qc- Q \.0 X107 а 9 = 105 


V0XI07 A Jet, 


À ge NC (144-595) 


4= $хо c ) Voz rox t ) Ut = 105 
=> sy" c sgor eten 
i slet -Җ /105 m o TRE. y, x - S = gn (4) 


x = Дх. = k= (105) Ina = 6-935 
1 


) 4 
©) Lou ?c омо“ А 

СЕЛ блк! ^A 

o SKO? C 0.5x10 A 

0.25 0 ПЕС 

Р, 10 \5 4 АЗ $ 10 15 20$ 
$2 
à T = thorn 
4 <0 at х0. 


The Amount of charge broug Wc Mo Me lobes by the charging current in 
Kime Ж is 0-1, SUW NLE, 0X0 5s) = 1.0107 С 
_ 
Q onic Е ч?) = 4.92 x10 N:C 


~ 


- | а. — = 
"E €, (&.85y107 ^ C^. N^ м (АХИ 


Nabe Ed = (2.82 110° New) (axiom) = ste xo? V 


AM 


14-21 (cowk) 


Q > АЕ AQ [4X 


b) E €, dk € A 
AQ _ AE 1, 2 AYI02A 2 РЕТИ 
But УУ ao > Tk EA (435 X107 C N^) (ЧАО Чм) 5.65 XI0 N $ 


Mg constant => de = = 15 Constant {м time, 
Ne | 
\ Jy = є, àx =(%,%5х\0'^ C NT wet 5.65 x10" мс") = £00. w-* 
Ty = Tp А = (5.00 Amt) (tioma = 2.0 X107 А 
Thus +, = Tg. 


14415 ° 
a) ?=\М\ > f< ү 
Yoaster : m = Е. Е ELI = SR 
Feypan: te = = uev = 10-08 
lamp: lp * TRON = 033^ 


b) The Lota\ current drawn 15 Lt 1а L = 12.5 А +10.0А +0.%33Д = 23,3 А. 
This will blow the 10А fuse. 


Problems 


24-39 


A) PET R) $0 must Wave only part of Me current go through each Yesistor 
=> раса ће \ Combination. 


А combination of Xe. available resistors having the desired properties is 
two in Serles in parallel with Pwo in series: 
@=\000 €. R 


Rs 
R 
| i. < | | p Sb ese 
oo РСЕ NM 
ERU 


Rs Req = Ret Rs = 8, 


Thus the е uivalent resistance is yhe reguiced [000 SL. whether or not Ale 
combination has the desired power rating will be determined in part (b), 


AS 


44-24 (cont) 
v) The equivalent resistance must dissip ate LW: 
Thus P= Lo => \ = P Reg = Jlaw) (1000.2) -uu.] volts must be 


applied across the resistor network, 
Thus here is UTV across each parallel branch * 


d АТА 


This implies a рохемҳ ial of (аът ү) < дау across each of the 
fbu« vesistocs, The power dissipated in ead. owe is thus 


L 
Pz Nx = Олам. = 0.50W. This is less than the | watt power 


rating of We individual Vesistors | $0 this network can dissipate the 
required AW. 


44-33 


Three unknown currents are shown in Fig. 44-26. Determine the 
currents in the other wives in erms of these | Using the pointy vule. 
Note Хох wo aditional currents need +o be True Mad 


SA TeL 1115 € 


Reply Me \оор cule to the 3 loops indicated: (3 unknown currents => need 
% loop equations ) 


Joop GY -WV +T (in) + (T-L) =0 


T 
оор (2\ -L (2) tI V- (TLALI 2 = 0 
т WA) + Tz (nr) =2у | (A) 


loop (3) - T4(08)-4V £ T, (4$) - T4 C) AA V 720 


-TULUY +13 (0109) 23V | (2) 
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14-33 (cont) i 
e, = Т, sÀ € ФТІ, 
ea T zi t I; 
Mse these in ees) => - (ла - І) (in) lane FLUA +L (lM) =3V 
“WT, ($a) +av +T, ($2) 47, (093 = 3V 
|6x15 +\0 \% 
| 1% p 1,221 = Ty = 1N (gue) = 0-10 K 
LIN- $ Ls =1А- 5 (0.11 А\ =0,%ч%А 


I= колт, = ЗА 4 + (0.1714) = à. 14^ 


44-3 
a) Чиче М = 36volts 
Tha oN ant S4L 
Yesistors on eadh Ta Же 
side are iw series. 
ng w Thus, Khe equivalent “Л. ас 
" ' сес is! 
за bN = V=0 
Tj (4n)\= 36V > T = uA 
= 20 T, (42) =36V > T4 = ЧА 
Na =N -L (G = 36V - (4A (6n) = 12У 
Vy = N- T4 (39) =36V-(4A) (злу =24V 
Thus 


Vab = Va -Vp = IAV- AYV =- ny ( point b \5 at higher potential) 
lo) close Xe switth => the 62 and 3A esistors ave in paralle | 


\ Pe ME 3 - 
бя aa — $W CR OT GR qs ә Кред 
oV 
Thus! Ë 1 ы e 
\ Ta L Qa sQ thy =й. 
6% 3X Roar 
w^ + P4 iX 
s ^ " TT 
3s. bX = lus =N 
225 W 


44-35 (cont) | 
The potentia | across Rack Re is thus Vp = LR, = (4A\(an) =1$ V. 
The potential Across each individual resistor is thevefore [$ V. 


X = Ñx = 9 

gb. =I,- T = БА-ЗА 2380 
Qo WY ng 

1 3 


c) When the switch is open there is no current Yhrough the additional 3N 
yesistor in Fig. 16-19 б). This сїтсщХ Ahen is identical to that of 
Fig. LA- 24 (А. 
Thus Ма = AV | as im part (д). 


N When the swith S is dosed m Fig. 14-A3(b) one has the following 
cw cuit ? (we have Arawn in the 36V battery, to make it easier to 
ooo rhe loop cule.) 


T деч 


V=36 Volts 


Three unknown currents are indicated, and tle currents in the f eWatnind 
branches Wave been determined by the point rule. Apply the loop vule +o 
We three loops imdteated : 


loop) + 36 -T, (EN) - (X & T4) (3M) =0 
TL (A8 + T4 (зау = 36V 


є 


\оә (0: 36V - Т, (38) -U14-14)6 8. =0 
т, (42) -T (Cn) = 30У 


а 


ool: 3eN- Т. (GN) + L (зел - ( 1,-T3)(6N) =0 
LON) +1, (6m) -TI (42) =36V 


AL, +AT, 731, =12A | (3) 


Ug 


14-35 (cont) 
eq => T=4A-3T, eq(2) 2» Т,=ЧА+®Т 


Use Wese in ee (3) => A - 51, А+ З FL -IL e1034 


ЕЕЕ 1, "ug +Ñ е: > A ) Current Lh rough switch 
(fcom b to a) 


The 
= ЧА (0 = ца (А) = 3 А 


ну 5(1,) = -4(4 А) = МА 


€) switch open (gart (Q) : 


Y= T,-4 = = p 
sd 17 ЧА => Req = >£ = TS = S < 
f) switch closed : 
І т= МАЗА = SA = 57А (total current 
tela. through circuit) 
= 3 
r= ЖА Re. = X " TI s 


KAY 
L= b SL 323 SL =A 


N,7 N-Llen) 
V. = IY- UN(E =G V 


== 3.6 X10972 c - 36 AC 


С 
= Z = SAE lay 


Ма 


13-31. (cowr) 
Ny 2 143 -Va =14У -6V = (4V 


Thus 
М-М = OV -AAN 2-76 V Cool b (S at higher potential ) 
\) potet b 
) switch closed: 
\%\/ The only current path ú shW Trough Me 
Awo resistors., (No current Through the 
but capacitors after Wey have received their 
(SL Г equilib ctum charges.) 
+ \aN _ 
A bs > T = aue “ ah 
Suk 
B Р Bur wow N, = TLEL) = 12у 
4 (The potential Arog across the GjAC capacitor must 
= equal re potent \al Axoe across the 6S resistor. ) 


= V, = I$N-úN = GV 


À switch open > de 3ouC (charge on yke bu F Capacitor ) 
Чу=3вдс (charge on the 3⁄4F capacitor) 


ИК: 
— ы ` The wer charge ow the conductor enclosed 
- / by Khe dashed line is revo. 
ua a 


Swikch closed. => V,7214N, Q, = CG, N, = Us EY lav) = Ta C 
N, = 6N, Q, = C4 N; = (зи (6 V) = [Sac 


+ Q 7 724C 
` The wet charge on he conductor enclosed by 


/ \ We dashed line is wow 
-1u САЛА С = - 54А C 


\ uy 
|с 


To aet onto hese Capacitor plates Wis charge must have passed 
Моа Mae switch > SM C of charge flowed through the switch S 


when W was closed. 


LRO 


L t T. % 1 
Tlyoon)=45V — T=0 1125 А 
т, (600%) 2usV = Т, =0.075A 
Thus 1, =1-1,= 0.1125 -0.075A = 0.0375 А 


us V 
Bur I Ry =45V = Ry = pos = 1500 
v) Ry = 1100 


600. Reg 


| a nay 


\ 


e Saa \ н. " 
^ moon T Goon = moon =? Reg7 2003. 


NL —_.. 
T = Xoosu300& = 0+,\0А 


The potent tal Arop across the 600% resistor is т (6009) = 60V 
The potential без across Ve voltmeter resistance is thus 40V -60V = 30V ; 
this is what the voltmeter reads. 


19-45 
€) The potentiometer ClXcuX is equivalent +o: 
£ 


The resistance between points b 
QK C 15 proportional +o { e distane 
between b омй c. 

The Unknown potential Aifference 
Ny equals Т. E. 


© reads zero > 1{=0, LFI 


— a СШ 
Кли R ^ А 
Thus Чы = 5 (= Е 


V) The resistance of Me galvanomete с \$ unimportant because the reading 
\5 kaken with zero current theough the galvanometer, 


0.193 - 
C) оом (o), \y = ri С =>» ү, = = оона \12°00\/) =4.,52\ 


RA 


49-45. (cont) 
No current trough Vy when reading \s taken. 


© b 
T 4 [ “ene - Nap = -Tr 
T=0 > N= £ 


Thus the terminal voltage of the battery equals the emt € of Ње battery: 
tne porentiomerer measures the emt, i 


ha- C 
" LT еф. (24-18) (= X e- К/С, Т, = g 
ú x` 
A) P =. = v ye IRC = A е- ARC 
A Uy =P bt 


eo N o 2. P 
WV = {, Це dk = R {, e dnd Te (асе ЕГ j* сү“ 
1 ни 
b) P= UR= Re) е -1/АС _ x е-1*/АС 
Ма = Pa Ak 


о à (ә 2 » 
We f Pe ak = xf e-t IRC ү, _ V-(- RE [gc Re T Tate" 
zi №, = eve 


Thus We = Uy - Ua, as was to be shown. 


1. 


Ure „ CN 
ар е 


Cyt = £ у Ys wio is independent of К. 
LA-44 
à) NL. oY L= 5, р 
Emax Е 0, | N- w^! 
Ta = BE = а Uo = SXIU as 
4t 
\) Js - €, dk 
Е = Е, Sin о 
е = o £, Wswk ) (AE) = wE,oant b, 
дЕ 
Jp wx 7 € (FE ey = Go тее, 7 (65 xat am (6057 ( 0. N: wt) 


Jp, max = S ust Aout 


оке rat at his low Frequency (thot of (охе А current in the United States) 


39, max << nm max. J 


WAL 


CHAPTER 30 
4 54,9 18,49), 25,14, 97 


Exercises 


Problems 


Exercises 


30-1 => > > ег N =9 = — pA. 
= XB AE vici N X B —, which 15 opposite to Е 
5 Š Thus 4 must be negative. 
30-3 à п u 4 
Ñ = \-3%ф sale е (510 ү | q2-2 5x10 С 
— — 
AN Š = НҮҮ ° 
E = 4 FAB = LSx OTL «se? +(<х0%в-)у ] XT 
t > A pde. M 
< (XU = уху «xk = 0 
CS Yaya, Whats сеу 
4 3 LIJEK E ) 


> > 
Jas | 
Fat (asx It (тхо AK =+ (45 x19°3N)K 
©) % e (at) k 


E 


F=4NXxB = (-1.5 xw *¢ (aT) | C3xt0 mest) C + (хо? wer] x 
=> 2 _% Е Kei > a4 u PT s >» 
Е =-(asxio7®c (ar) | (-3xto ws!) C K х($х10% м) Y xV | 

g^ С 
F = - (a sxo (ar) [| (экю wes yt + (sxo ws Nt] 


-(.Sxto ^ N)C- (sio ?w] y 


- — 
N KB i 
N 


Sew cx calor path = the Corce 
must be tadially inward. 
№ 05 Tangential. di d cdi 
z Negative charge = F anh VXB 
axe opposite. 


wD 


30-1 ( cont) 


Yor SX ü Хо 


be ` U^ Ме 
Rwecked into the 


plane © the paper (B®). 


р зл 


"s _ wa (401072 3) UXO m.s) 
> HS = wg > Ú aR (60до TTC) (0,05m) 
b) N- DIO ms! 


The Хамсе | along the Semicitcular path from A to В is 
s тё _ т (005w) _% 
b a = ae arose -2,57Xxlo0 S 


30-2 " 
imr N BR 
a) t= ma => AB = MR j у= 5 
w = Ам = 2 (16107 kg) 
& deuteron has a charge of te = 160x107 IC 
— (160x107) (AST) (oyo _ 4 .. 
4. (4.66 10-1 кау = 2.84 Х\0 м. 5-1 
_ _ 5 _ TR Tym _ _ -% 
b) 5= тА DA = WC Axes = 435X107 s 


C) conservation of energy => NUx AK =0 
DK = 47-0 


direction shown in the sketch, B must be 


= qu x 037 


5 = TY, 


a = + AV = Aw =-4 DV 
* 1 
-_ АУ 00.6610 Ў (2.84 x10 ws)" 
T * 20 4. C-60xXi07! 5 C) - $.67Xt0* volts 
(The deuteron must be accelerated through a potential Avo 
mae Arop 
o& %67X10° volts.) 
30-13 
a) Y =+ no deflection => fe - fg 
° qÉ = $78 
Fara © Е 4 y. 
ü veg PTT. = E ws 
e 7 
fe $ 


XAY 


4 0-\2 ( cont) 


F A qu ж ee ae Canem dank we) 
š es R ^ fg 78 4 (1. 60x10"! с) (axo tT) 


R= 4.34 XI0 Ím 


30-4  , . E iv "A "P 
L= (0.01м) Су 125A, F= TRIB CXC = yx] = Ккк 20 
ts wd. Рт 
X J > > _ > 
{хк < L 
à Š= -Tf ы £ ый 
€ = (S5A)(0.01m)(0.6T) (-Cx y ) = -(0.03м)К 
b $ = +(0.5T)K АЕ К 
€ = (5A)(0-O1m)(0-5T) TKK = - (0025n) Y 
> -> 
à ®=-(0.зт){ 
F = (SA)(0.01m)(0.3T)(-Cxv) =0_ 
À B= (0207 - (0.37) K А А " 
È = (зу (о.о) ( (0.27) EXE. — (0.37) EX ] = (SA) (0.0m) (0.37) = tlo osn)? 
[e 


> 
e) B = бату (0. 4) к + " 
Ё = (яду (0.01) [ (0AT) CXF - (OUT) Cx | = (5R) (0.01m) (0:4 T) K 58 (0-009047 
= =з 
Е 


РЕ = а 


= (0.0203) ү + (0.0+5мк 


y = =} : A R 
\ 1® А = МТ А у divection is О (42) SM=NTAK 

= - w > 5 

х b= Ву к У Txt = уху = kxk =0 

Q7 ! ТЕСЕК; ук =, vx = 3 

T CU] y= EI 

Uy = V k=ke = 0 
T — = > — > 
T= mB = Ní y = NIAB(-C) =-NTABC 

uU. = 


40-23 (cont) 


c) j : Вв; Т КЕЛТА RO > W--NIAK 
x Ге WK = NTAB(-Kxy) = «N Ag" 
фес. = (Мк). (87) = D. 
= — -— din — =» — 
N , 08-3790; M=NTR, RO = = - МАЎ 
X T= mB = NTAB (-3ху) =O 
Ме - к. В = – (-мтАу). (By) = + МТА В 


AÀ -I А-5 10У = 0 
$ = 10-1; Ry = 120У - (эл A) (AN) =1201- TV = 114.67 


à The mechanical $owev is Ае electrical powev input minus the rate of 
hissipation of electrical energy inthe resistance of the wotor. 


electrical power input +o the wotor: 
Pin = X (aon) = (45A\a0v) = 540 Ww 


electrical power loss in the two resistances : 
Poss = Le Ret Ee = (0. 40А) (1508) + (з.тА\ (20) 2 46 W ал. w = 123 W 


mechanical power ; 
Ре = V - Ploss = SHOW - 123% = ШТМ 


Note. The wechanical power is yhe power associated with the induced 
emt €. 


Yad = es Li. (Ma.eN (3.28) = 4ITW d 
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y " P 
a) | учу ә = 
= 100A 
0.02. + + _ di 100^ _ ubi doas 
l X Á (ooaw(pip wm) ^" 
= € 1% #3 
BO, B=LST Ww Ls duci м 
2 Thickness = Mi м D 


ВЕ " = 8.45 X107 Fws- 
M (1.4xi0 * 5-3) (1.60 X107!) $,45 XIO "wes 
b) magnitude oct: 


Fe fg 462478 


= Е = л B= (4.451074 ws) (ST) = 1.171073 Vem! 


"T e PPS... 
OB : NXB 1 йг. Жам є 1 
-> — m 
hk um 0——9 fg ^- e4XB | £ = k a Сы 


Ë +ç ) E is in the +2- direction 
AÀ The Wall emf cefecs Yo the potentia | difference between the two edges of 
Whe Strip (aX 2=0 and t= Lem), Mak vesults From the electric field 
calculated in (b). 
Va, FEA > бү = Ë ur. where Aris the width of the strip. 


бу = (АТ ХТО 35.47) (0.02) = 254X107? volts 


Problems 


30- = ach 9 = 
— No = (4x0 м5 77) b j a= -[0.31)] 


a) 47 +04 x07 C 
direction of E 


"e^ 3 6 Vx É Fe =- Fo ә Te O 
к Ñ, ® Fg 4>0, €- Fe 


ч > £O; È must be in the 


++ - direction 
magnitude of E 


Fe = Fo ТЕА 


E = NB = (uxiSw.s-!)(0.2T) = 1.2 X10? V^ 


AXI 


30-243 (cont) 


©) ү ыг "£ 


— 


X3 Š © VXB Fe =- B. £ @ 
— = — — , 
š % 0% $40, E = = > EO; Е ми be in the 
42- direction 
MAINI r 
As in (о), E=vB= AXD Vem! 
30-31 . 
k - " t- 4 x8 > Ë 15 perpendicul ar +o V and B 
N k @) => B must have wo 2- component 
z X 
т > = 
y € perpendicular to V and © 
2 ORT 4 
А P X => B must have wo X- component 
Therefore K: must Ve lw the -N- direction: ГА uU АМ - oF 
Magnitude of E "T | 
& 74549 > B= фла 7 (чх Oxo wes) 7 BT 
30-37 _, 2.5 41 
9 = - (0.17) V z(uC-3y anak) ws! | F< 2N 
— > => 
0) F-4NxB. 
TXB= LC Pa] К )xt mes 1x (7o 10) X 
= (-0.4 X10? N: с) xK x (o. 3x10* N-c- MTS (1.4х10° N. с-\ XK 
ХК = =-у, хк =U, К КХК =0 
> y xE = + (0.4 xu №: стуу + (0.3х10° N. c7) C 
= m 
F= =q xB = =q Li 0.3 x I* Nc") L + (0. се ] 
r= 6 +h 4 Р (о. Зкі0е мст) + Lo-a0* мест!) = 4 (0.£x10° Nc!) 
= 
Ге ^ TU c 


= oxo `É 
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30-37 (cont) 


— = F 
b) Fame > (Z = 


Faq (o3xip*v.c7) 2 E 00а) ] 
ф= Ox C => E = аме eo); 
22 £ (Ам >, (Len) 

a= “WwW Tixo ska) É T7 

&= [оу 0 


(tasa) Ó = axis)? (ооба) 
= [(Ax105 ms- >s (16X10 S ws -2)*. = 2.0x10!5 


m+ 572 
ар iw the xy- plane > in the z-direction ie 
constant velocity |1х10 ems- 


particle moves with 
_, in the Xy- plane dhe Force * causes + 


ke particle ^o move ing circle, with 
Е б\сесХед. ‘in toward Ae center of the circle. 
r= we x my? 
Е= w = 


w = Vy + АДА = 


A. 
y = (x0 at or = 4Asxl0! ^ w*.s- 
R = fixo) (as xio ws) = 0.011 va 


: MEE eee B. 
\\ period Y = ECCE = 


Veloaty im хү-ріаме 


LEVER. zi „Эш Мше) Е 
М S X10 x10° м5 — + 5100.521 = 5" XJ0 


Cyclotron Frequency {= = bu SHE = 6.37XI0" Ha 
e| Х= AT = is back +o same Хуу point 

In the +- direction Me 

Аз. = 12x10’ we. s7. 


particle moves with a constant velocity of 
Tw time K=AT it teavels a distance ¿= AT = (XI ms) 1)(\.51х17% )=0.377%m 
Thus at 4227 We coordinates of yhe particle ме (Q. 00 377m) 


30- Y 
> Toke the Pivot Xo be yhe £-oxis, dis E I. 
. (Tag 9) А $ 
JE Tha Ed cp G (По) 
| + = g needs Xo be in the 8 QAM 
| t y-direction . 
^d 


KO 
| 
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30-ul ( cont) | 
equilibrium = Lag = Ге 
axis 


moment arm for the “9 force is L=(0-04m) Sin30° 


> [ss = mg (0.04m) sin 30° 


le = mBsinb0° = LAB sin 60° 


рер" . mg (0.0%m) sin20* 
Пл = То => mg (0.04m) 51430" = TABSiN60° => B= MA sinto? 
ма = (см 0 см) (0.1 gem!) = 4.44 = 2.9xI0 3 kg 


N = (0.08m)\(0-06m) = 48X107? m? 
_ (2.810739) (4.%:5-2) (0.0u | Sino” _ 
ps (0 Ry ( Ч. X107? mA) Sin 60° = 0.01327 


30-43 


a) After Mae wire leaves Lhe mercury, its Acceleration is 3) downward. 
The wire Xvcavels upward a total distance of |.00m above its intial position. 


TAs ends lose contact with the mercury after The wire has traveled 0.0.5, 
So the wwe travels upward 0.45m after it leaves the mercury, 


y 
D: Voy =! 


xp e a 
T1987 ° YYN 


A = 73. ves Noy =F X dy (Y-Y) = [-Х(-4.%м-5-®)(0.45ум) 
Vy = 0 (aX yhe MAX height) Voy = 8.232. «s^! 


М) = TRB, L= 0.25 m, В= 0.017 
—>, f-2IL5x8 Fe > 

' Е f тів 
Ls Бк = Fg- m4 = MA, => ú, =  -3 Tw 3 


This Ay Causes the wire Xo attain an wp ward velocity of 4, 31w.s-! 
(part (a) after traveling 0.05, starting From vest: 
Vy = WE RAy (0-05 m) 
A: 1. 
үх (4 Sams“ _ 
dy = ож = 010m 2 1475-5 


v^ 4.14 X107 ka 
Then = =A tg => Т= те (4+5) = 1.25m)(0-01T) (18105734 4, 0.572) 
L= 141A 


30-4S y 


H A 210x107 1 м^ 
x t= lof 
BAAT 


w = NI AX ( +2-divection) 


M is in Yhe tt- direction 
m= NTA = (1) Соку 101074 mt) = 1.0 XI0 ^ Am- = 1.0 XI072 TT A! 
T. 


b) T = [ -exit + [qx10"2)7 ] Nem 
B= 8,2 + By) + Bz К 
=. =» > — > — ә -> 
MKB = mBy хх. юш +m Be 6 


> 


Thane Ú = s xB =-wBy U +mBy y 


Compare Was Xo e express lon given Fov T 


-3 _ =S ү. 
= -6X1I0 Мм = м0, Ə By = EX NM o m Dn 
À L Y ETIT TT AINE 
Хм -3 
i Е 0 Мем C0. 
Ф X)0 Now = mB, =» 9 «л \OxX197 ^T^ РЕ O s T 


The observed Torque thus determines B, and By, but tells us 


nothing about Bz. а | 
[` 15 м rhe t- direction SO yhe 5; Component of В contributes no 


Хосе. 
But U=- WB = мк. (БВ +B K) =-м$,. 
V negative > 0, positive . 
Then Xo get She magnitude of Bz we Can use that 
Bs, + Bee er 


ә B= = [v- By - By = Ligar -iutri ta = А.Т 


Thus By = x AAT. 
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CHAPTER 2I 


Exercises 1,3, 5,4, 1l, 15,21, 25 
Problems 17,3), 33, 37, 31; 41 


Exercises 


ai — ^ — =% 
9 = д2 = = {хү ; © is the vector from the charge to the 
poiut Pwhere the field is 4o be calculated. 


N ү = [WX10 ms!) C 
ү = (0.5) С j = 0.5m 
> > 
A Xv = (xot m-s) КС =O 5 =0 
perm - 

Y) € =-%5 у; Y = 0.5 м w y 
‚ж " - [; y 
X XY = – (yx mts) Ox = - (цом) x 
—  quTXIO77 T-A "m N (51075 с\С- 4x 10% м. 5-1) - 
B =| чт \ (0..5}3 zc Цар) к 

c) (Sw) К у х= 0.5m 


Ç = 
Same, AS iw (b) exc EN Lox Me Жаба 
=» ту 


À) < = -(0. Sm)y + (0.5m) k c= fo. (0. £w)" =@01071ж 


BW =- (1.60107 


EX = (ило sz!) (Ў ХК) = xotw sz (Wy ) = -uxiptw st (Ptk ) 
- e kr „к m \ (sxto-* c) (-чкіо Sw 5-1) (+ к _ » 
g =m тА ma (0.707635 = - (566х107 т) Uy +k) 
3\-3 y 
- 47 SKI C, q= -3xi*c 
L N ar! ae se eet 
0.3m > _ Pegar a 
By : M = v = (цхум . 5-1) 
x = Ta — (0.3m) у > 5 uw 
Ox = – (1.2.105 mas) СХу = – (Lax wt. 5-1) К 


132. 


3\-3 (cout) 


-1 -Ñ -$ Bd: үг 
1, uT XIITA м ү (610%) (oL xi misk m 


be! : D V! = (4x10? msy ) Y= (Oum) C 


É: 4! FIXE = - (LOX m?s) PXT = + (cxlo mts) К 
=> -7 - w 5 v 
umxio TA em V (-3Xx I °C) Qo. 6xto?w çC) К dos 
alius жеш. тту оаа. (олате) 


ü Be Byr = (ала хотет- 0.15 x10 tT] = - (2.47 X10 5T) K (into page) 


31-5 — sen 
— - т Of Ее 
r / y N 48 = PC y3 

Y 


5% aight \ine Segment ow left; 
Ad — — . e 
E EIL Axr =0 => AB=0 = wo contribution 4o B at P 


c 


straight V we Segment on Tight : 


àL 


ЕЕЕ 1 )Yxv =0 = 48=0 2 wo contributioto B at P 
v 


Semicurculac section: Divide A Ws section up into small Segments of length AQ 


аф Mx* © 
— “Р - ' 
* d а хё\ = САЙ (since AL is tangential and Y is radial, and they 
? therefore are perpendicular) 


The magnitude of Ме magnetic Field. AB at P Aue to This infinitesimal 


Segment \5 P | ч ' | 
_ pol. MExY| - pel val _ mold 
Reto ge an VT 


Bur y= Q = Ag = 2 Aj, 


The total Bat P due to the current in the entire semicircle 15 


Ф = $ AB where Lhe integral is over all small segments into which the 
semicircle is divided. 


But AB for each small segment of the semicircle 15 Qj so B=SAB 
Р oI yy — Pol 
= B= {де А = ar) 


2.33 


2i-4. ( cows) 
Bur SAL <TR, the length of the semicircle 


= p ==. (TR) = poe y divected into the plane of the paper. 


3 |= 
y s 
е4 (31-15) B= E 

a) Currents all W same Aivection => Ahe B’s from the individual wires all add 

4.6575. А (4 хш T: Aw Y 0.5A = 6.0 187 T 
2717 LT \ ANIA = exi ! 

v) The magnetic fields cancel Сос a pair of wives with equal and opposite 
currents = only two wires coutribate to B. (For the other four, two 
Wave current (one direction and two in the other direction. ) 

B= 2 Att = 4 (ь.0х0-*ту= 2.0 106 T 
Aln _ А 
À E Wie A Ar P) Bis №, 8,\5@ = B= G +8, 
a Mol _ + 
9 B, ш 2. = бате = fo 
0. ` 
Y = Thus В = je. 
— . v _ 
v) А ЫГ Ar P 9 i50, B, is © = B=B,-B,. 
-—— — т pst uH". 
Ë Du > B тау 8, = Ana) 
1 oT -MT 
—— L... .... | QJ [|< ga) = Z 


Q карк eei Rx gout Ú B, 79, and [3 E @, В, is © 
ТИ => $-9,-9,-0 


"3 
à I "Jo м pow 9, S, is ©, B, is © 
— pa = B= B +B. 
2.0. - + » ә _ 
+ B= 7ке , By = "m (за) 
—k Mol í x 2 A 
B= т (xt 3«) ЗТ А 
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3\-\5 
The wire CD rises ww the Uo wa d. force due to the currents 
balance $ the downward Korce 0С gravity. 


t 
еы... с ана A 
"= 
А opposite currenys => force is repulsive 
M 
& L B balanced =? Fowg 


ечи IR pu 
Е anh 


ENN 


1 1 
Thus paras = м9 > "TE AL” 


ath AT mI 


+ 
ИХ М.А бо Е 1 
ћ тт (susu (4e 3] ^ 0:0102% = 1,01. em 


Е js Teu 
Led = current enclosed by yhe closed path chosen 
for 6d. 41) 


Realy Amgere's Law to б path Хох is a civcle of 
Tadivs X, where R << < R4. 


By Sy mex ty g IS Tangent +o his path and constant 
around iX — $9.45 = BAL =B Sal =B(atr) 


Tench = L (RW of the current of dhe inner conductor but 
none of Khe outer conductor is enclosed by the path.) 


> Вале) е > B= AS 


A eo Ampere’ s Law to a path Mat 15 a circle of 
cadius Ç) where r> Аз. 


As mia) 58:40 = 5 (ате 


j But now led = 0, since all yhe current in each 
~- conductor is enclosed by the path and Khese currents 
are equal and opposite. 


=> Blane) = 0 = 8-0. 
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3\-%5 | 
D AIEO YL S NL 
B= ok INY К 31-44, with Mo К.) 


a элс = 0.30м | Ky 21400 
_ олсе) 8 _ (0. зом\(0-17) 
is М Kw (woo (ur x107 7 т. Ат! «v ) (1400) = 0.0426 A_ 
Ë: -unib a USA. oui 
b) Ky = 5200 =» L < Ñuka = (аот T TA o (5 200) =0,0\15A 
Problems 
MLL О» V=5Xl0 ms 
oim | At the electron's position, 
zI-l.5R _ o L (аут. A LSA \_ _ 
Be Bu sm tin} 80x10 T 
b is © 


NXB Y but {== <0 => Е 1 ( away From wire) 


= qu 8 =ernrB = (|. e xlo ICAS xO ws) (30X10 ET) = д, хохо М 


B, and a, must be equal and Opposite for the 
cesulkant Field ot P Xo be Zero. 


= ú, o IM jd => Т, out of paper 


5, * аа = fe (eR) 
_ Potr _ 
` = Ж E =) 
“А TI 
Tag Gea „= A 
vy B ot Q; m a 
$, Q g, B=8,+B, = B=8,- Ba, to the right. 
е; hy -7 - 
T D = (ато T Am Ce B \ = д.40" T 
T чт mas А.м ` - 
тта а. =| | > H$) = т 
\.Om 
BH 8-8, = 2-40xl 7 ^T -3-eTxl T = 2.13 xt т, 
i ÀKiceckeÀ Xo the vight 
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su 0 SE =0,q => 92 653.1° у ф=36.4° 


bBo- – -tp peli _[umx T (6 
^e ч b= л, -( эЛ Y) 
Y LM 4.0x107* T 


By =B coso = (4.0х107®-т\ cos 36.9° = 1.60 Xip T 


Bix = By sind = (.0xi0 T) Sin 36.9" = 1.20 Тг 


HoT Meat, 
“= TIN „(нҮ uem Joss 


сее = É. Т 
Bay = -B, 0S0 =-(5.0х10°'т\ш$53.1° = -3,.00XI0 T 


Dax = $, sind = (5.0XI0 TT ) sin $3.1* = ц.00х10 T 
Then 
By = Bix + Bax = AOKI ET + ч.охі"т = [60X10 ^ T 
By = Biy x Bay = WOOK PT - 3.0 X107? T = LZOKI t T 


B= [в + By = 4 06x07 T 


g 9 age Te 
~a kand = 07 = хаст 0119 = 0=34.l° 
i By (below Khe horitontal and 
" Хо he lett) 
$ — 
31-33 [: 
X | " yr ® AX Ме loution o£ bhe rectangular loop yhe 
x magnetic Field due +o Xe current XK, in che 
t \ong, straight wire is directed into the paper. 
| š pens The Force on each side of the rectangle is 
Ta Thus as shown va the sketch (Е eLEIxB). 
X 2 X Fa = Fy, but these forces are in opposite directions 
4 = F, + Fi = 0, 
F = LLB where @ 15 yhe magnetic Held due to Тү, ot a distance of 
- | š 0.0\m [vrom The wire, 
zo * ("TX TAN д0 w. 
=> Ú = "Br pared -| AN ye = 40X10 T 


> € = Coa) (0.20%) (5.0х10- T) = $.0x 107 TN 


CERT! 9, but now Ç in We expression Сос Bis 0-10m. 
= $* TERT = &OXI ° T 


Fy = (10A) (0,20 m) (4.0 Xx ү ТУ еа q.0XI0 ^N 
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C = Ratt, > f = 6-6, = 8.0K -o3X07 N = 7.21074 М, 
ж to Ме let (toward the а: 


3|-31 NxurwSs № tums 
N The B Fields ç ank Ф, Crom Xue cols are 
4 $7 ET Me зама S Aivection, 
"NAA. Thus Š = Ú + Ç, > B= B+ B, 
` CX 
CO ж\ coil * L 


a) The Gell of & wil of radius b ar a distance À охх the axis from the 


\\ 
CONN \$ o New оү a c _ - (Ia ЕУ "i 3-21) 
Ny Tor __ IN 
= w = OA (CY E = 2((%-x] а MS 


de. 


_ No T A` 
= 958, = чре у + ( ET w a=) 


b) Point v => X70 | 
E — ШЕ. A. 
us ила S ey) = 7E- TR 


б. 


_ умт 
DF a {145 


Чү Т = “Ts NŠ == 
Wa] 7 ES ~~ ds 
AÀA From We expression b Us] 


_ &Qoo)(umxp TA SR) _ -3 
Бе ром) a — 6000 1 


31-34 


For a Ma Sole noid | with magnetic material of relative 
permeability Кү Filling the space inside the ails) the magnetic field is 


B= W, ANE (eq. 31-209) with Mo replaced by Km м) 


ATT 


BUTA _ (oT) (040m) 
À Kin = №ә № Эко NE ` (аат rtm) (400) (MOR) 7 = 


) X. = Kw = 397 


2.5% 


ot-4\ 


A) To wmtegrate J over the cross section of the wire divide 


Ae Khe wite Cross Section жр into hin concent ric ving s of 
Yadius © anà width de. ( We cant just take T= TA 
= Ут Sme J varies across the cross section. ) 


The ek oc fuck б ving \5 АК, ам the current through it 


is AL= Jah: 
AA s anrir > ALe TAR = av (amvdar)= такс 


R 3 
[2541 эле | ү Ac = xT (5%) T nd y 


bi) FER 
Keply Ampere's Law to a circle of radius y4 R: 


6.40 = $ GAL =BSAL=Blamr), by We symmetry and direction of B 


The current passing Vy rough Me path \$ pe 7 j41, where m the 
integra \ C apes from Ó Xo CÇ. 


M 3 T 
= | с = Mar. мк. Ss s. * ы 


э > ы а 
Thus 8g “AL = A Lene iti B (attr) = P^» = - mE 


(d) х2 W 
IN Amp ere’ s Law +0 a circle of vadius YAR: 


$ Ç. = 5845 = BIAL = BUTA 
Mend = Т. у aM Ме current in the wire passes through the path 


Thuas 69.4) = Mo Leng > B (anve\= ~~ d 
a d 
J T 


Nore: AY CER Me expression in (i) CESA gives В = a 


At c< the expression lw Cie) (v 2R) gives p= j which is the 


Same, 
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CHAPTER 32 
Exercises 1, 5,7, W13, 15 


Problems 41,43) 11, 21, 33 


Exercises 
32-\ 
N € = Blar = а= BL ^ (2x7) (040m) = 5.06.57, 


B 1 => current 15 counterclockwise 


F-21244 u 
—@ 9 


0.36 N, to the left 


F = 109 = (л.оА\(0.чом)\( Lar) 


34-5 
N . 
When Ae loop \s completely outside the field 
седо — > => 
£-0-2 1-02 F=TLKB =0 

—w— The Em \$ completely outside Me field 

= i 1. 30 Y¥egion or 

^ (+ =) = -— С X» ES | 

Loop Entering Me Creld region (but vot completely inside); a= &х&- L 

` In side Ao, NXB \$ f so the induced emf pushes 
AE curt ent ne À Xo a. 

C 


Tw sides ab and cA) xŠ 1.5 (a so Khe Force does 
wok push current along Xe conductor and Lhese sides 
Contribute nothing +o Khe induced ew. Side юс is out of 
yhe Geld, $0 cowrriburtes nothing Xo Lhe tnduced emf. The 
imbuced curren’ hence is couwterclockwise. 

a ME de F = ='т{®В, We ner force exerted on the 
2 3: looo by Sve een Field is to the Vett. 


4*0 


£ 
L= g y £= uD > т = ee 


202 
Е= 108 = Fa Gira = Bev 
Loop completely inside the field region )* > «X < 5 
T lw side ad | X xŠ is f. 


In side bc, NXB is 1. 
The duced emf's lw Wese two sides cancel, 
As iw Ме above , Lov sides ab and cå VXB is perpendicular Xo the 


wwe so here is мо emf, 
Thus e net ew& 20 = 120 = t-0. 


Raving Х\ е Field Tegion | А ¿X < 3h 


ж Tn side be A xB [E t. The induced current 
" AWMexve&oxve (S clockwise. The net force exerted on 
the loop by The magnetic field is to the left. 
X = eov € = g^ LU 
А 1 R. 


b) The current L was determined iw (à), The graph of L versus X, for 


clockwise current positive, is: 


31-7 
à $ di bh 2 
L. s= ee зн | Cay -N NX 
Nk -0.s 
= *c-%, 
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34-1. (cont) > 
» a 
ee" Ei = | BAR = fBesus* АА = Bas useSAR=BA cass” 


intial 


Boek а (EUR = f Ban = BSAA = ВА 


Sinal 
NS =BA- BA cos 45° = BA (\- coss’) = (AT) (Olam) (0.25m)(\- cosus°) 
NS = + 0. 0116 Wh 


de 0.0116 wb 
Ё as =-N "EC - (50) -ais = _ q.q N 


(The minus sign means the tay is opposite tothe direction associated 
with N (as Le Cw e À (и the sketch ) by the right- hand vule.) 


е4, (32-12) B= NA [Be sure o study Cave fully yhe derivation of this 
equation iw Example 321-1.) 


_ (воя + зоа)(+х PC) _ _ -2 
ае (160\ (uxo м 5} Зани 


(Note hat Ris the total resistance of Ме circuit, col plus meter, ) 


EE 3 
- = AK | ! 
The situation is Star +o Wat of Fig. 31-10, except Aat here the 


Curren’ XS decreasing, 

BK = 0.05 5 

$.- NBA, where Nis the number of Aures in the Secondary winding, 
ъ= Mon L 15 the Field inside the solenoid, anà Nis the area of 


34-13 


—— 


Thus 3; -Npn EA 22 Cro s RC Yo e 
%; = 3.77x107' wh 


$c =0, Since He Ciel. w the solenoid has become zero. 
= – 3,17 KIO? wb 


VA Sole word. 
PEE (0. 15A) exto^ tna?) 


cy = 8 = 2 = 0- 311 x10 wh 


= _ -3.71x10 wh _ -6 
LL UTR = +y 1, 54X10 ^V 


IUL 


*. 1s angen Xo concent vic civcles. The direction of 
En (clockwise or counterclockwise) Is the direction in which 
current would be induced in a circular concentric 
сомма \oop. 
Determine, Ms Aweckiow as follows 7 ке 

Take ( A9 be into the paper) the same as the direction of 8. 
Then E is positive. Bis decreasing — SF is negative. C=- AE is 
yhen positive) so the associated Current ov te vight hand rule, is 
clockwise. 


ү $f Eyed z 
SEAL = $ EU = Ең SAL = En (amr), Sor A path clockwise around the Ting. 


ъ= 0. = 5 ВАА = 954 = ВА = Bret 
52 _ кє” 46 


@ 
Thus Е, (ате) = -т* $e 
Ex Y ae me [s (0.10m)(— 0- (X 5") = «0.005 Vw! Tangent Ao yhe Ting A 


) : 
the clockwise direction, 


£ = f Eo AQ = Блат = (40.005 Vm NUT) (0-10m) = 0.003|u V 


2 $ ‚00 : Я 
à Le ж = Ot = 0.001570 


М C= TR for any Segment of Ye ving» The potential difference 
between QoS A Ok lo, ox between any other two points of the 
Cing) 15 же со. 


Problems 


FLAI 
A &= Bly 
Bux 0. Complication here is Mu dk Ke cent points of Le rod have 
A&&ecewk velocities. Consider slicing the rod Wp into thin slices. 
Compute the emf AE Хос each slice) and add up (by integrating) all 
whe AL. (The thin slices of Lhe rod act in Series, so their emt’s add.) 


TN ¿£ = Вуд 
— meer memes 
AS гәд N-7xw > &#= босс 


A E= SAE = Bo S cds = igul“ 
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DI-A (cont 


TE (б. теч. s!) ast cad \= Чт cad 57! 
= $ = 1 (0. 6т\ (чиай = зч 
b) No current Slows so there is мо ТА potential Arop. Thus the 


potential difference between the ends equals the emf of 3.[4V 
calculosedk in (al. 


31-23 

À & = BA = (o.5T)( 400x107 m>) = 2.0 XxI07^ Wh 
А Az 

\) € т" АЁ ә € max = Gra s 


È = BAcos6 = ВА cos ok. (Ois the angle bet ween Ë ud he vor To the loop) 


rA Ж Ав 
ПЕ =-wBA su wt =» (42) = W BA 


Çu = WBA = (Lorat s) (0.57) (400X107 ma) = 0.20V 


(T= wx B= 1 Ах 
P= TABsm 9 = ТАВ sm ot 
Az ; _ £ _ WBA sinwt 
a=" 2 = WBA sinwk j T= R — 


. 1 д2 
= p (288 Sue | AB sinwk = - Aw Sin* wk 


B Aw . (0.5T)* ( 400x107  w2)^ lorad-s-! _ 
„и = к зана = 2.0 XI0 73 Nem 


УЕ id 


à Г = giu. si^ wk 


For & Sw angular displacement g t) 
Lwe fat e l'udt = R 
оме Yevolution: £=0 to £ = A 


1 AM 
W= SAW = eae (и sintwt at 


Electrical energy dissipated during | revolution : 
a x Ф 
\ 


PET Re At] Resin uk , 
AU = Pak is the energy dissipated in time dt. 
The energy dissipated in | yevolution thus is 


алу, L ату, 
мебд = S, par = АРА | shot at 


Lah 


+ 
siwo+ dt 


The XPT eSSIONS For V. and W are the Same, $0 the work of the 


Чч 


31-13 ( cow 
external torque l^ оме yevolution \3 equal +o the electrical energy dissi pated 


ducing | revolution, 


ъс 
(Note: J зіне аҳ = ЕХ зім => 0 Sin uf ak = al. si y dy 


= {т-у лт] =; 


law 
er ways 8а os 


EM ЕС — — 
Calenlate Eq at each Point | and Yen use F= $ z 


> E 4$ 
Apply $ç ah = Tze Toa concentric circle of radius Ө. 
Take К Ao be into the paper, TAE NT Aivection of B. Then 
dQ ds clockwise around the circle. 


{4% _ iE ABA) = jg Ac ay? $B 


dk 
9 À £ е =. oe 2 
A >o => "Ur 20 => f Ew AL 1; negative = Ед t5 Tangent to the 
көй di circle in we counter clockwise direction. 
{ЕА =- Бб =- €, FALE- E. arr 
Then á 
(£M == PX RNC ET > En = xc 3Ë 

рои ¿ 

oo (t is in the same direction as E Since $ T positive ) 


Fe E. = xw у Хо the left 


p^ IC Fag Ey = чс 4%, «e ward. 


31-3 \ 
\ í = 801 ^7 T 
Burt a COomalication is that B= tote ) where v is the distance from the long 


wwe, varies over the length of the vod. 


Dike dre bar up муо short pieces of length Ar, calculate À £ for 
eadh ọtecej and integrate over yhe length of е bar +o get tne total €: 
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31.-3| (cont) 1 
— t +V 
n Kg = Bvar = rae dr 
4х1 
dap ре саде ее ers it 


S " "I m At he location of the bar the magnetic 
Y. X Sel 9 due ko Ме current in the wire us into 
Х\ е. lave © хе Figure. 
r: X ded aha ° 
829—9 


The force on positive charge Carriers iw the bar hence would be 
AweckeA From b to а — a will be at higher potential. 


+ d > І 
er For sides ab and ch Ey = VXE is 


b i i & Perpendicular ko Khe wire = w) ewf. 
x X YN => | 
[e IPE мм ыт 
х BX Side bc: Eye УКВ is 1 
These two =. give vise Xo ем 1; equal l^ magnit ude but oppositely 


divecked Cone Sending Xo produce counterclockwise currents and the other 
clockwise currents), So the wet £70 and T0. 


32-33 


à &- BK) А с; 8 = 8( А cos wt 
(Note: Х=о = % = Blo) А, as wt should since at £=0 the plane of the 
Ving is perpendicular Xo +he magnetic Ciel.) 


Bik) = B, e-*/* a B= 8, Де Gast 


vy Ç =- i =-8,f br (e7 ae cos wt) «-B, N- e A reso - соет Sine | 
ç = BA g- AT [X COS wk rwsinw | 


É 
à EUR (oim) (0.20m)" _ 
Mb ket, teu AU ale vu ES = en tA. 


(0.01 S.) ( 0. 01 $) 
> cosok, + TW Sino = 0 
a аена ME" 
Tan Wky = 7 To 7 ^ (6.ons)(i1000v«d-s7) ~ pus 
= uk, = —0.0500 ved. , oç (At- 0.0500) vd. , or (21-0. 0500) cad, etc. 
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32-33 (cont) 
Note: kaw is a periodic Function with period тї? 
ken why 


Vwst positive Value of X, 


.04 cd. 
=> wk, = [w-0.0500)r«& = 3.04 val  k, = = 3,04 xI0 3s 


€) € is mailma at XR. SS т. ar ka 


SE 202 "s ge SET de cos wk созмо | =0 at teh. 


— i g^ Ael | азо eo sin ok, | re-kmlt f- a Sinwiy, 4 w* cos 9 Xy | =0 


cos why, | ох — m. = «ш la ] 


w^ Yr 
xwv 


Хам ok, = = {то - ta] 


— MAT 
tan wR yw = 5 {(0.0n5\(10005~) 7 (0.03.5)(1000 5 -') | = 10.02 5 


= wm = LUT rad, or (Чт) rad ete 
Earliest time = Wty — UU rad 


ka = од = Lado 


At this k 
-3 
ЖИЛ ТАГ Ын УУТ +(10008"!) sin чт | 


€ = 0.01257 (0.9241) (5.031 +9949) V = LTV 
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CHAPTER 33 
Exercises 35,1, 4, 13,14, 21 


Problems 23,21 33,35,31 


Exercises 
33-3- T 
№ £= A Ze = ook) (0.058.57) = &oxio^* V 
яа. constant (Aitor. vate) => $4 ($ constant 


dba - 
v €, = M Yk = (0.010) (0,05 As) = 5.0x10 "V; same as in (a) 


33-5 li 
€ = fe = (5) (- 0.02 As) = -0.10У 
S TL By Lenz's Law the induced emf is in the same 
Kicection as the current, Xo oppos e its decrease. 
33-7 
NĚ _ NBA 
À L Ы | | 
"WT N*A _ (uw T.A l m)(oeo) (5 xio "m _ 
Bitar = Lae ~ AM (0.10m\ "Aem н. H 


v) TE the coils are both wound in the same sense then the 
combination acts ike a Single col of 1.500 turns. (The magnetic 
field is due ko 1500 Turns, and the flux due Xo this field links [500 
kurns all with XAG Same 519% Loy Ф, A\so, Series => Sawe current 
VA both Cos.) 

Thus 1. 
i = po NOR = [ ETT Y (Lo xi9 3 W) = 4.35 И 


ATY 


TE one coil 15 wound Vpposite to the other: 

The magnetic Fields of Me hwo coils are opposite Xo each other. Thus 
Aue Duk st the 660 turn coil cancels Ihat due +o 500 turns of the 
1000 Yuca col. The vesultant magn eric Lield is heve Sore that of a 
1000 — 500 = $00 turn coil. The fluxes for this resultant e field Similarly 
cancel. C Positive Flux for 500 turns of the 1000 turn Coil, negative Flax 
Сос XWe $00 turn coil) Thus the wet Flux is due +o the 500 extra turns 
in the larger cpi\. 


= V = (S29 oxo H) = 2-5xio7* н 


AU 


33-4 
— . T) 
= æ \ = BA = BOD = ¿oxu 


т (Lo A)* 
г 
toroidal ѕо\емо > \ = Hen A (Example 33-1) 
_famck ал Oam (5.0 xto" V) Й 
FRA P» M. T (ut х1077 т. A7 -w)0xio 2 7 387 turns” 
33-13 “а=. (drop) 
P V= NaxN. 
ái pP a _ 
q + L 2N. < Lik N =i аА 5 = ilk) = X (1-е Се) (ee. 33-14) 
I di у u (Yk 
i тыб ЖА (е 33-14) 
K _ N _ MV 


aA ot k-0, Mk у 3H = MORS 


e) The sensible way Хо proceed kere \s to use \= А +L $Ë 
М N-R _ 12У - CY (oS) 
de Жайы жайыш: i a 


255 A.s-! 


À. - 
(Note: jo largest at Х=0, and decreases exponentially as X increases. ) 
\ k= 0.45 
EE -(& x 
i= gli-e т\к = aN (\-e- esito =2A(\-e-%4) = 0, 654A 
À Final steady- state — Кэ оо 
Then t= k= ABD АА. 


(Steady -state > n: 70-2» V -0-N-Va | when the current is no longer 
Hanging Х\ е Cuyrenr is as uS re iwductor weren't + exe.) 


33-\4 Q 
4 = M coswk dg _ 
е4 (33-15) => TS * ТЕ = 0 


í --osmwok | I = - wA cos wk 
Substitute into eq, (33-16) = -w*Q coss x +€ Q as = 0 


\ 


Thus this 4) does satisfy eq. (33-25) i& W= T= , and (+ 
does (eq. 33-14). 
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\ 
anit = = —— can ^ -\ 
S= [cc — flosw(orxto ЭЕ} ^ 14114-57 

b) 107, decrease — Ww! = 0.900 


\ 1. 


— 


2 
| 
с> 
1 
E 


— 


I 
с p = 0.40 == 
Square both sides of the equation : 


2. 
moss — Ë L. 
© ^ we = 0,%\ Le 


R _ O s m O SH X. _ 
R= SL > Q [0.76 = Іоль 0:89.) = 61.60 


Problems 
33.43. | 
М : | 
a) a =- 5 \ Sor constant a) => A = + sof = 5.0 Ң:5-! 
o. М _ _ * _ 2653 
€ =L K > V -AgA = тода ^ S bl 


=> N&=Li =(5,0H) (500) = 150 wh 


O Energy stored vw Lis Wit, when the current LS C. 
The vote at which nergy LS being Stored i$ 
AV TRÀ | . | r 
"nc ud _ =4tL (ri de) = L. ЗЕ = (5.09) (50 Ау 5.0А. 5") = 14507-51 

The cake at which energy is being dissipated inthe resistor is 

PR ELR = (50A) (as) 7 6.35 Xi l. 


. . АЛА [АЖ _ AAS03:S. 
The ratio \5 Pa ASKIN TSN = 9.010 
33-41 E 
Ue = *€ €^ (eq.aa-4) 
2. 


бе = т (eq. 33-10) ` 


2. 
p 
We HUQ = *€< E = = = B = feo Ho E 


-IR.25xiy * c*- М w-*)(YTX1O7 T-A м) (400V m) = 1.33xI0 $T 


2.50 


33-33 
à Seres = =i, 7t 
Two coils father than one = twice the B field and twice the number of 
kurns through which his Field passes — four times the total flux 
oT A given i: (Since re cols are Wound in the same Sense. 


= [series =t | 


b) Parallel => (= а " (= current in external circuit + U and i, are the 
схем 5 Lavough the individual coils) | 
(714 (cos ace identical) > Wels Va 


Lex N be the number of turns in each single coil 


ETT NETT at M s 

id L = б> B+ B, = Hem асале i 

( B= BrBs sce. Jhe coils are wound in the same Sense. Note thet B 
is Khe same as fov a Single coil alone.) 


Qux tkis B Field wow has twice the turns to link (this B links 
or cols) => twice the total flux as for A Single coi 


= leet =A], 


\ 
w= Tee 
NEM ua \ к MES ан 
2- 


Wseries = apas - QE 


The equation in question is (Rx ae + 3: =0; 

Mangy by (= ЛАКА Е 8 20. 

ЕМ = i kL = kv) = (м A = 4 | the Second term. 
kw Е (8) = зе = de э Ak = уни third term. 

А = л vate at which electrical energy — heat in the resistor ; Pa is positive 


T U= Veg the rate at which the amount of ener gy stored inthe inductor is 
chang ing. 


A Ke = ¥, I Me. coke at which She amount of energy Stored in Ае capacitor (3 
Changing, 


Thus he equation 5045 Mo n xS Keg = 0. 


15 | 


33-35 ( cownt) 
Nore s Ar any given time one of P or E is negative , tt ie current is 
increasing Lhe charge ом We capacitor is decreasing | and vice versa. 


55-31 


A The ww value of We Lui - after S, has been closed and S4 open 


fora long time is L= gaa = = m =0.10A 


With both S, and $4 closed the circuit becomes 


The current P ичк Ry CAA be calculated by conside ring loop (i) that 
ares Theough S, 


V N 
\- 8,20 2 obs 79 - Son = 0.ЧА 
Consider looo (2) * hg е sti = 0 


(The emf induced in L is directed so as to tey to maintain the 
current, yhak Às initially 0.10 Crom left Хо wight. 


М. is negative у so he - Ata Xevw Is postive . 


ah ін 0 = (а= Тет АК (Brom 2qs.(33-14) and (33- i$) 
= (DIA) e7 (16050 /SH _ (0.1) o- 0s \ t 


Aem We puer cule Хо the junction at a: ig elas T 


Thus „= 0.4085 Linde pendent ot time) 
>й LOIN) e- 695705 


L = ba ia = = 0, ЧА — (0. АУ g- (3051 


Су k= 0.015 = (2 ОЧА - (0.14) e 03057100019 un coin) 7^3 = 0.326 A 


lp VS calculated Xo be positive, so it is in the direction assumed in the 
sketch (from \е Xo right through S.) 


LEA 


CHAPTER 34 


Exercises 1,4, W 13, 15, 0, 19 
Problems 423 11, 24, 31 
Exercises 
à Y. ov. =amtlh = эл —— 231190 
Vo) Y, =wle эү 1. tal -3 
„= Um - алж (605) = 65 x10" H. 
a e a FEMA uem 3 
À X* ae = икс 7 ИИИ deeem £ 
A) Xe = ra ` 


à -3 
Pr Xe “кш уяу 265x10 F 


r 


= 
= R° 4% ES OY" = [R° +X“ 
(No кп = ia o) 


T" uc E = RIETI = 5005. 


+= жш t(S00N)* = 5332 
V 
rst. 


ZEYN = 0.085% À 


AÀ Ng = TR = (0.085¢A)(300N) = 15.7V 
с LK, = (0.0853 A) (5009) = мау 
X X 50 
N tong = С — Bes tuus Suus. Pel hee? 
Qo $459 the source voltage lags the current 


2.53 


34-\\ 
N { = 6002 
X,7 WL= Ат = am lsoouz) (01H) = 3140 


 —nm ——  V— — у. 
Хе = ac ^ antec am(soouzY0.sxip Cc 7 6375 
R= чор 


= t= [S rax = кооз) х (345. -637 5 = 514 


phasor diagram (X > X Xe зіч. - 637 


tand = R = "TES 
=> ф=-з%.4° 


--0.8015 


The phase angle is negative, as Shown 
by Khe phasor Alagtam, and The source 
Voltage lags the current, 


p ©=1000\\+ 
K = WL = AFL = AW (1000 He) (0-10) = EAB 


—-————— — S 
Xe = we = а LT (1000 H)(0. $ xi0"° F) nmn 


R= 400 


= E = [a^ eu XY = [uoosy x (619 9 -21$ a" = 5069. 


phasor diagram (A 7 Xc) 
N 


М.-Х 621% f. 31$ SL 
tang = = = ua = 0.1165 


The phase angle \ere is positive | and the 


Source Voltage \eads the current. 


3443 
R= 4009. Y = «V ETEL = т (оона (0.1K) = 63.8 £L 


V = 0.19 . sm en _ \ е > 
Ke = ШЕ = 1«£€ = 2 (100+\(0.5х10 EF) ^ 3183 N 


C = 0.5ҳ10° F 
C = l00Ke 2 = qe Qu -X* = [(4o00)*+(61.8N- 31930) =3/46SL 


Lems 0.15 А = Vems = Yvws Z = (0.15 A) (31462) = 186 V 


s AA = n. 
D = — Xc = БМЗ V = -1.80 => ф = qa Ts 
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34-13 ( cont) 
À Po = Nems Lems ©05ф = (186N) (0-45 А) cos (- 82.79) = 25.0 wW 


V) P= Lome R= (0.158) (HOON) =1,5.0\/ 


Q Ne is 40° our of үм with t > V, 20, for the capacitor. (Electrical 
energy 15 periodically stored and celeased in the capacitor, but not 
dissipated.) 


N WV, 15 40° out of phase with i => P =0, Lor he inductor. (Electrical 
energy 1s байа stored and released in the magnetic field of the 
inductor ) bur wor dissipated.) 


€) C te = 25% +0+0 = ASW ә {= PA АР, 


The average power delivered by the source equals the average 
ower consumed by the circuit, and all the power consumption occurs 
iw XXe resistor. 


R= 300%) L=0.4H, C=20KF, V=50V 


„йлы чы p 
à W= Re J (0.414) aox Е} T3 mdi- 
Y) power vector = cos ф 


AL resonance X, =Xe — tang = ae =0 9 0-0 
Thus cosó =) at resonance, 


Xi- A =O > У-У. =0 


TL and У ave in phase у $ = 0 


A X, 2 ok = Qr vods (0.34) = 671.0 
- "es CA энне 
Xe = uc = (MScads)Caxioner) = e Tl £L 
2 = [ах (X KO? = R= 3005. 
аа 


N 50N 
News = Tx - Б = 35.4V 

~ News 35,4\У _ 
Teme = Nees. BEAY Loo ag 


34-\5 (сомХУ 
N, reads Vg ems = Eems R = (08AN (3001) = 3.5. V 


Na reads “ұм = Dems Ху = (0,116 А\ (611 V) =14-1V 
N, reads Ne cvs = Lems Xe = \0,\\%А\ (6712) =19.1V 
Vy reads (Vi-Nedems = 0 
Ns treads Nems (rhe wms source voltage ) = 35.4 (the Same AS Уем, 
Since aX Ow fime Vit Ne =O.) 
N W) = Rz › inde pendent of R => remains 145 rad-s7! 


Nees  35.4uN _ 


34-17 


\ = 120ү, R= 100f, L= 0.59 C = 0.34 F 
A ~ ——ə T n - -_ M 
a} w= Түс ^ ((o.SuY (oxi P) a soe 
e) The phasor diagram is as in Fig. 34-13, except that at cesowawce T,= T, : 
V 


phase angle $ = 0 


l. 


À resonance — wL =d >È =R 


= Mow N „ МОМ. a 
1 = = Tr 0.60A 


= 
à Lge Y= 0.60 A у at vesonance 1= ТЬ. ( Ах any time ка =0.) 


Л? = 15 & = Gay (40:022A2W ос € 2 14N, = (6A) (av) = AW 
A) transformer draws TAW 
2. 
e= XL sns ы — lanov) = 00% 


~ JAW 
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Problems 

234-23 
Voltage of source \eads current by 30° = ф = +30" 
Хож $ = MC 


MAT 0. n (with resistance and mductance) in the circuit => х. 20 


Өй, оа = = = À, = жаш? (4051) хам 30° = We 52 


А _ _ 5 9. = 
\zol= antl \ = = am (100 Ke ) porin 


39-21 
A) No\tage lags current => X. 7X, 2» AAA an inductor in series with the circuit 


b) power Хдсҳох cosd equals | >o=0 >X. ^ 


Calculate the present value of Xe- X, ko see how much more Y, is needed: 
cos = 0.6 = $- * 53.1? 
voltage lags => ф&0 = ф=—53.\°, So X¿>X. 


sone = Ache > у -X,2 Rt 


Burk we axe aiven Z other Shan R. 
ale е рае аре аў 


NEUES 
Then Хом = = = ЖК? = Litan e - (У-ди Ф = $0 A 
1 _ Brand M L’ tanh _ 


Tan A tan* (-53.1°) 
‘Ph = ox n (Бол taw (-531)_ -чоа 
Етте V tawdd \ х tan (— 53.19) 


Therefore weed +o add “OA of XL. 


N = =aTkL С: a oe OMS | inductance 
L= оі fU L TT: ТЕ O.l06 Н, Amount уй у м 


34-14 


R-100€., C= 0. xig * €, = 0.10, V = 00volts 
0) resonance — X, = X. 


d Z — = ite = a А кее, = |, ч | 
dc^ whl => w [cc о Соло ер) 1.0 XI0 ‘үд4:5 
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34-14 Cont) _ 080 got 


WwW 
© = Sag Sor = 1542 А+ 


Y) At resonance Z=R=100N. 
The current amplitude is l=- z > -ma =“!.0А 


N 4000Y 
A T= R= mma = 10А 


AX = eV = (охо «А. s (0.18) = 10007. 


= N -2100V .. 
L= X, (000 N = 01A 
X, = k: Z эое O 
e) ^c = "ac 7 Toxotes ilolo F] 2 1000 <L 
= N _ ооу 
= ке tpa 2-0 LA 


A А, = ELUTE = (ot) (ot ay = 60x0 
We = FON 
para Vel Circuit = N. =N = 100 
So Uc = 4 (0.\х\07° Е\(00у\” = 5.0 xto" 3 


24-3) i ky 
Las E oer i M T(K Ak 


Average over оме period of Kye alternating Current = k\=0) k, 7 T. 
м 
Tw = % f, TAk 


Need Xo determine the Cunctional form of T, For X20 to £= T: 
I-(53)& for ко to X. 
This qwes T as a liweac function of К, 1=0 ot 20 and 1-1, Ф421.) 


Ia- x, (9\0 - X) = (250) 231, for k= X ьт. 


(this also gives T as a linear function of X, with T= L at £= T 
wd L=0 ot k=.) 


Uk) thus has owe Functional Form Sov X =0 to T and another for 
x= "X xo 7t. 


т T/L т 
So break $ Lak into Я так), Т. Ak: 


4.5% 


ма mr Lak ras e X ш, 57 Lear La] 
Tay = M (уу iR ate (kkk - il, a ax | 
та 25 |, ак xL б, a] = +[ |Z) n] 
Thus Lav = 1,-1, ай, 


"- Ms is indeed correct is easily verified by looking at the graph of TA.) 


ii T/ 
Thus күн = Jm ТЕ ni Е М Lat] 
т> 


т. Е укак у (5®х-лт, | a 


Tk үг Rye a EET Мачак) ак £7. ата дк] 
Lig? ME AM UTERE MET хат; T AX ] 
А. 29 


Lus = ар ewes т; E] 
2, 


¿= [S тет т] ел (еру арт 


2. e 
Tems = [Tems = 2 


V3 


А 
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CHAPTER 35 
Exercises 3,7,9)l 
Problems 11, 13, Al 


Е xe rcises 


55-3 C _ 3.00 Xi0 wms 
à c=) ә М £ 7Upox3He 2249 


b) eg (35-2) E=cB= (3, похо ms) (1. exi T) = 4.8 х1073 Ум! 


asel 


E 210 у.м 
_ _ Emax _ 2107 Vem) | А 
4) РЕ 5% 8 = Baz bü; E ~ 3.00x|0%w-s7! E e-67X10 T. 


2. 
» _ Emax _ _(Axt0 ү. w- Za и PCR | 
b) I= Sav = Moe AC 4arx107 TTA! m) (300x10 $m s- — SUNT WT 


at a distance of х= 50Xl0?m. 


T ques the power per unt area., As in Example 35-3 surround the 
Qwrenna with an (maginary sphere of radius ү, The area of this Sphere 
is NB zyret RW the power radiated passes through this Surface; 50 

P TÀ (assuming ls the same at all poimts on this sphere) 


2-631197 ww (UT) Goxto*w)^ = 167 оч w = 167k W 


À ТА = constant 
2. 
> ut (mz constant => Ex =constaut => A C Z= E, Ya 
Е AXI È 
« - [Ev ex. (Sokw) = 100 kw. 


35-4 š 
à L= Say = Mx Ww? mE 
By eq.(35-12) the momentum density is 


— 2 S _ xp w. -ių : 
V p^ CY =a Y = VS6XIU Ka ws З — 156x107 Ika, 2.8 7l 


b) By е (35-13) Xe momentum Flow vate \5 


3 sd 
MV À | S Ayx Ww m sill И 
Кк = < TURAE ee = цот Х1076 М.м? 


(Note: AP has units of Force.) 
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A 3.00 X10 $ м$ -! 


= = 6 RE 
| AK eq: (35- \4) Ve < liso 3,0х10° va: $ 
Е M 3.0x\0 IPS 
ЫА ато 


Proble WS 


35- 
Q For a Solenoid Ü =u wn (eq. 31-28), anh is uniform over the cross 
section o£ yhe solenoid. 
\ changing = Ae = pon a 
Ca\culare the, induced electric field Ü cow Fara day's Law? 
qn eer 
Take the path to be a сее of radius Ç concentric with the 
solenoid ARIS. 
$e. A = = Ey (arr) l 
+ =BA; i =o o Y SIE 
c. (arr) = pon TYAS = En 5p ET 
Ç. = — 
À En Take he positive direction for € to be in the direction of B 
(into the pacer). Then the positive divection around the 
> atele 45 k oa ИСРА (right-hand cule), 
En Š Bur = \$ positive | 50 Fara day's Law gives k. negative 
i => En \S counterclockwise. 
5 = Ж Ех В ) EAB and yherefore $ are radially inward. 
The быы uen of S 15 gwen by 
== É Fo Vx pone Se) (yoni) = = em «e 
-35-14. . 
ç = -- d- LBA) =- TR 4B y where R is the radius of the loop. 


= Bas sin (wt -Kx) = 5% = C W cos (wt -Kx) 
€ =-TR Bua, W cos (ex - kx) 
=> max = TR Bax = +R” Bway (amt) = 21 R р 


Lo \ 


255-19 (cont) 
Need Xo calculate Bua, at the antenna loop: 


P= ТА = Т (wm r+), where r is the distance É coa the source to the [оор 
мА X Vs the wtensity at that point. ( See Example 35-3). 


Pe xo’ w _ p 
l4 ~ Gr (oom) > kee 
Ta S SAN = 


2. 
Ба. = Emax = с I = f (wexto T-A! w)\(3,00X10 9-57!) (7.86 Wee?) 
0 
р 11.0 У: мт! 


мах = Ema = TON _ = 

max — a = 145 1XI0 T 

Thus 
Ew = ENF R Bman = Т^ (10х10°Ң4\(0,45м) (4.6 1x10 T) 
—À - 3.17 V 


-25-11 
For modern Frans mission lines, 
9 2N1 =(500x10? V) (1000 А) = 5.00xio*wW 
The power in & beam of radius А is P= ІА = Sa A, where 


T= Say is the intens ity. 
! € 
(wkensity 1 = = = S.0X |0°\W _ = 5.0x109 W. 


100 м > 


3. 
Ema 
Then T= ас = Е, = (арас T = (Ст А vy (3.0x10 ms") (S.0x10° wen) 


Ex = XI Vem 


_ Ema _ blotem- A 
Bmax = c Е BOXO Tms! 7 2.05 х10 
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CHAPTER 36 
Exercises 1, 5,4, 1,13,17, 21 
Problems 21,31, 33 35 34 


Exercises 
36 -\ 


4) From Appendix F the orbital radius of We earth is v = чя! A and the 
ovbital period is 365.3 days, The orbital velocity thus is 
yp ATE _ ат (Luqxl0 Lw) 


T — (вьв. зда) (455) 


= L07xl08 м. кұ! 


In ake XVe earth travels a distance de VK = (1.07 X10 m: hra (чам) = 449K 10% 


L _ чах а 
WRC = “goon pT si 7 1505. 


à, = 60° 
Wa Sind, = Ny Sin oy 
LAS А , 0 
sing, = [5 y sint. = Sin60 = 0.577 
=> $, = 35.3° 


Thus yhe angle Ü, between the refracted ray and We glass surface is 
0,7 40° - 35.3? = 541° 


Want Q. < $ and à = ® = Ф, 


W. Sindy = Ay sim Ó, 
(ull as = (Ls) ein 1 AD) 
sind = Q.5) Sin (©) 


‘To enable us to solve for à use dhe trig ident ity ( Appendix B) 
sing = Asin $ cos € 


= 2, s EN cos (Y =. 5 s L HY = cos (£)- 0.1.5 


Í = а > t= qu. 


_ _3.0X10% w.s-' - 


YA 
М 
y) XA 3 = agg nm 


163 


We aye asked Xo show bhat 
© = angle 1 rangle < = АА. 
By SN wwe ry angle s = angle ç, 


so we need Xo show that 
Охе T= ЙА, 


From the sketch ct ls apparent that angle $ 
+ angle 6 = Angle 1 and mi 


angle LFT. 
But angle a = angle 6 = 


The law of reflection says da= Фе > angle 3 = angle Ч. But then angle 4 
= angle S. Thus [nie $ = Ma). 


Then angle Л = angle 5 + angle Ç = ра + x =A, which completes dhe proof. 
36-\3 


à Na $$, = Ny sings 
LEE. = sinta = ES sind, => sing, = C, ) sind 

Q = bene when Sindy =l = sinda = OK 

A — aie Cincident medium) 

k =» water 330 m-s-! 


. — . — o 
sindet = Tapes = 0.25 => =14.5 


М w- $ = AAC with the smaller V has the larger n for Sound waves. 
46-11 


à L= Lee соз Ө 


After first filter М = X Ls j linearly polarized , along Le polari ес axis 
After second {\\Хес L12 L, cos*45° = (2т \la)= TI linearly 


polarized | along the polarizer AK L$ 
Кес died Fiker 1,- Тл cos*ug? = g^ Ei T L ) linearly polarized, 


along the polarizer axis 
b) Remove second Filter = after first filter T= I, lineacly polarized along 
Pye 


polarizer AXIS. 


Buk wow Me nert Filters axis ls at 90, So zero intensity US passed. 


ЫЧ 


36-4 
à veflected beam completely linearly polarized 
=S>angle of incidence 15 Khe polarizing angle => $p esq 


Brewster's Law: tan $, = 10 here W= index of incident medium = 1.0 
= M = tan $, = Хам 58° = |. 60, the refractive index of the glass. 


» Ya Sindg = М sin, 
б—> air ) W. = «0 
b > glass ; My = 1-6 


Thus 10 sin 58" = (1.6) sin dy 
Sind, 20.53 =a = 32.0° (with respect to the normal) 


Problems 


кез AW | | totally internally reflected тод) ar edge ot halo 


4\55 Ъ мул 
М. focused spot at back surface of Lhe glass 


Ng Sindy = Ww sin Ó, 


Wa = glass Nalass Sin Perit = \ 
№ = Qa =\ \ 

n CNT ides 
фа = Qeit фь=40° glass Sin Perit 


"Ty" 
From the distances given in the sketch | tan Perig = — = 0-133 


Perit = 36.3" 
“glass = siwae.3* = 1.69 


0 


à = 60 
Wa Sin $, = Np sin $|, 
$a 7 Фс = à, = 90° 
No sing, = Ny => Ng =(\.5) sin 60° = 1.30 
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16-33 
à V filters T= +I, 
А Cikers La 7 K.cos20 = 5 T, cos20 
3*4 Çiltec: Lem. Ka сов" (30*- &) = + T, cos*0 cos? (40° 0) 


( Angle ber ween ME and И is 10 nens Prag 154 Ө, so between 
"and 3f^ the angle is (40°— 0). 


cos (40-9) = cos(6-40) = sin® (Appendix B) 
= T, =4 T, (cos 0 sia 0) 


Bur соѕ0 sin O = = Sin 10, (Appendix B Again L) 
T, = X1, (X 51729) = ç Lo (sine) 


b) І, maximum 7? Sin 308 2| = 20 =40° F Ө=45° 


36-35 ; 
Q The polarizer passes x of the unpolarized intensity => + Lo, ee 
of ф. 


бох of Xhe Lo polarized intensity he polarizer passes lp cos? (6-0), 
where ф- 9 is the angle between the plane of polarization and the axis 


of re polari ter. | à — polarization ГК: of polarized component 


| 
Dye 


í axis of polariter 
| 


The minimum total transmitted intensity is when the Tp cos? (6-0) 
part 15 2660, which happens for ф-@ = tqo’. | | 
From he table of data, this minimum transmitted Intensity Occurs 
Lor ф between 110° and 130% Say at 125% 
à <115° ank 6-8 =90° > Ü=35⁄°. 
b) For ф=120° get T= 41, + Т, os*(6-0) = + L, T, cos? (120°-357) 
X = $1, Tecos*(€5*) = ZT, +0.00760 Tp 


= 15.2 W*w7^ = + L, 4+ 0.007601, 


For $= 0° get T = ЕТА Tp cos*(0°-35°) = + T, + Tp cos* (35°) 


= \\O4 ww? = ZT, + 0-671 Tp 


Subtract Yrese two eqs. => 13.2, W-w-? = 0.663 1, 
To = \4.9№-мт* 


Then L, = A S. ww? -0.0016 Tp) = (5.1 Ww - 0.1.5 Wem?) = 10. | Wm? 


266 


36-34 


4 The number of full waves in the n, direction; for a plate of 


thick ness P 


5 у o nd 
AM Xo 


Similarly) the number of full waves inthe Wx direction is 
A = Nad | 


NA » 


For a pe wave plate nese must differ by Ж Т 
= n == nad — + 


"m 
AA Tatad к ЭЖ —\Ү\- - ES RT - 
ALAS) ed > &= xo 
b) Ae? 531 nM 
5644 v v 
Wx = 4gb 4 (1658-1486) 55 
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CHAPTER 37 
Exercises |,5,4, \\) 15,17 
Problems | 14,31, 23,21 


Exercises 


21-1 


І I 
plane miror = S=-5" ) mM = > = +I (м =) 


S = $0)cva =>» 5" 80th. 


= Lwege is 80cm to right of mirror and 
y= my = +1 (60см) = 60cm М 


(S bem tall. 


37-5 
a) Concave => R=+ 20cm 
ç = € = x 10cva 


S=\Leom object is outside the Focal point 


The principal Vays Ave numbered as in 
Kae list m Section 37-4. 


" f (14см ) 
Heb-teStag. = Оен) 0см 


st $^ \12 см — 10 Cw 
/ 
= = S _ &0сул_ = ' f =» -— 
miepen Se eek i yeme (-5)(aem) = -lOcm 


The Image \$ calculated to be 60см iM Front of the mirror, is (Ocm 


tall inverted Cm «0), and veal (s/>0). This all agrees qualitatively with 
the Principal MAY Aiagram. 
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31-4 
a) convex > R=- 10cm 
{= — =-l0cm 
5 = 4см => ista tel 


LE E L. A „ Д6 -sf . (Sem) (-10cm)  _ 
ii 5 М Sr eg ces см (10см) ^ tdem 
I 
mem р =- SAAC 20.655 
y = w =(0.555) (Sem) = 0.31 cm 
The image is Qucm behind the micron), is 0.832 cm tall, is erect (m0), 
ank virtual \s/20), 
Pp’ 
31- \ | I P "nu ( ) 
f | сее Gs) E 
T у IZA? > 1 
am У; ' 
| | $2 —\.333(3m) =-4.00m 
а | 
М | 


The image point is 400m above 
Khe water => 6.00m above the diver. 
The voy sketch shows that the image is farther than the object 


Leom the surface because the light is bent toward the normal as it 
Passes C cow де Yo water. 


37-\5 ‘ Aadi w 
N= (= Ç. aoe = = 
L n/=\.50 rd = A 
- ine о о о 
= = m 
bocm M „һай. . beon 
€——— S'=l00cm —> 60cm |0 0 Cw Ц C 


LLL VQ ——N СА — 287 
=> thy (Them Y TU = irm TTA 


^ 64 


"e reb 2.115024 >n =% Heo) = 1.35 


600 см 


31-1 
R=-Scem 
nM. úW - nen Е ЧЕ \\ $0_ \.50-1.00 
S ыз: Жайна д = Zoom T ge kien 
a. D . E -— C. 8 AO cm) - 
ZE 7 LOC 20cm ^ 20см = 5 = 2 (- » = - 10 ст 


=- NS _ (моо\(-10см\ _ 
wen tg 7 Sas 
| $40 2 1де is 10 см Xo the lett of the vertex ; he magnification 
S m=+0.333. 


Problems 


r 1 


The image Formation 15 given in the above sketch. The image height y’ 
equals the object height ү} the lateral magnification is unity . But the 
weight of Lhe wirror does not have to equal y for the man to see his Full 


limage. 
Ler a be Me distance from the Хр of Khe man's head to his eyes) 


ant b the distance Crom the man's Leet to his eyes. Thus y=atb. The 
light Tay Soom Ae Yoo of the man's head to his eyes Strikes He 
mirror ar powt A. Since by the law of reflection r=) point Ñ 15 a 
Àskawce %/2 above the man's eyes: Similarly Pre light vay from the man's 
feet Xo his eyes strikes yhe mirror ot point В, which is A distance k/2. 
below his eyes. 

Thus Fhe total length of Vane mirror wast equal yhe distance From 
N Xo B, which is a/a tbla = tlark) = ZY. The mirror must be half 


Ne height 05 he wan. 
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31-1.) 


Ü concave => R 70, £20 
5" 4 ww = DO pa 


ү = 0.5 см ’ ly = 40cm 


Lage \5 to be Formed on a screen => real image =p S >O. 


Ww = = = 40 since S'ands are both positive. 


Thus v7 - ЧО см (image is inverted), and m= 


Sem t400 cm 
15 = 2(4,а9 см) = 4.7 сум 


> V 
y 


1-13 


A convex > & 40 => R =-lOcw, f=-Sem 


£s (—Sem) S 

-— в. оне -~ 

К^. 985 St Scm 

S is negative, so write $=-|$\ — s/= 


cem- \$\ 


Thus s'20 (veal image | Loy \5\ 4 Saw sil 
Y w--& 


s 
v eal (nage => s’>0 


| = M>0 ; image vs erect 
Virtual object = 540 


XM 


/ 00cm) 
= SS" a pe $$' _ (Sem) (400em 


= 4.94 om 


(Scm)\S\ 


31-21 NN 


The width of the incident beam is 
exaggerated in We sketch | Xo wake ct 
easier ҳо Araw. 


€=0,5em Ме vadis of the incident 
\ight beam 


= lOcm Kee radius of the 


x’ hemisphere 


ф avd $! small ә X xX! 


$ X š 
smo = "& \ sing! = 


Swell's Law = nsing =n' sing’ 
se the above expressions for sind, sing! 


= X = =, O 
—» (\.0) Xr =a R = X= ^s = LSO 20,333 cm 


The diameter of the circle is A= 1X= 0,666 cw. . 


» Ñ divides out of the expression | the vesult Lor the diameter of 
Mee Spot \s (nde pendent of ke radius R of the hemisphere ! 
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CHAPTER 2% 
Exercises 315 4, 13,15, 19,23, 41, 31,33, 37 


Problems 34,43, 45,47, 44, 53,57 


- st 
poke ре - =e oss 


ilii o nr а елле 
(The (wage \5 1.5 cm From the lens, ом Same side as the object.) 
) м=-{=- Xu = tas 
C) S'< 0 => virtual image 
À w>0 = erect image 


S= 2,0 cC v. 


А) s€ _ (20см) (10 с) 00см. — oo 


s = $-€ ^ 20cm -(-l0cem) Е 30 см 
(The image is 6.67 From Ме lens, on Same side as the object) 


= E. — 6G. «Tcv. = 
b) == Fem дек eS. 


À $40 => virtual image 
)) м2 О = erect (mage 


<= |5 cm 


2 
À st _ (lScw)(-Ucw) _ _ l$0cm _ 
$ 2-6 "cm (100) Ест вань. 


(the waa ge is 600cm from Lhe \ens on same side as He object.) 


_ _ $<'_ _ 600m _ 
AN Ww = = = — — Em = +0. 400 


Q S'40 = victual image 


\ w>0 = erect image 


M E 


33-3 (con 
S= 5 cv. 


б\ ES sE (Scm)(-10 cm) 2. SM 


Sem—(-\0cm) — —— l$cw 3.33 em 
бы (wage is 333cm from Ke lens, ow Ме sawe side as the обес.) 
I - 
мт е So кады 
Q) $'&0 = virtual (mage 


N w-0 = erect image 


divection 


of Mt 


side Lor positive images, 
lens negative objects 


Side For positive 
Objects negative (wages 


s = че. s'=-4em 


i . i = 1 
Ma ES + e += s +5 = {= 3 _ (+10см\| cm) _ _%0см 


$$ zm ~ 0см - 4em l6 c sedm 
C 40 = \ens vs мен 
_ _ 5 - Ҷом 
V me- y- ZS = 49.100 
[i 


m = T > y'- ym = (дем) (40.200) = +0.400cm tall 
w2>0 = erect 


а 


object 


The principal tays are vnuwbered 
According Xo We k. given in 
Section 38-3. 
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2$- 


The bottom of We water serves as the object: 


№ 21.00 

bentene \ 

“=\.$0 Y An image \$ Formed by ‘he water — benzene 

p 1 imberface. This image Serves AS ам object 
: i ao For XXe benzene — aw iuter face, which 

N=1.33 | forms We Ciel \mage, 


Water > benzene interlace 


W=133) ү'=\,50 
s=Ucm (distance of object (bottom ot water| below the interface ) 


| I 
fe. S; =0 => s'=- "y sec HE (tem) =- 4.51 cm 


Thus the first image S 4.5\ см below he water- bentene interface and hence 
W.Slcw x 4.00cw = Ь. 5\ cm below the bentene- air interface. 


bengene — air interface 


м = 1.50 у м’ = 1.00 
S= G.5 l см 
s--W)s- -RLY eslew) =- 4.34 cm 


Thus Shs final image is Y.3tem below the top Surface of the benzene. 


R= +5em R=-l0cm 


N= 1.50 
А 


БО = 


0| The obyect for Khe second surface is Xhe image Formed by yhe First surface. 


A TL wage Formed by Fiest surface : 


N= 1.00 D- aW. V. fin \ I" & 48-10 
W =\.50 + Ж ü “> tom” y Sem 
S = 20 см AS. 1 a - — 


S! ^7 10см ^ Wem” A0cm 
I 


Q = +5 cm 
= (4.6 Uew) = ЗО гуд 


This image is 30cm to the right of dhe est surface 
=> 60 ом -ЗОсм = 30cm Xo the \е of the second Surface, 


Thus S=+30cm For the Second Surface. 


À S>0 — ve obyect (This “object” is on the side of the surface 
from which he YOu $ actually come. ) 


KIS 


34-1 (сы 


n , WwW n-i 
WW N50 $ Y s —W 
l 
Rs ws \, 5 MESE 10-15 
S= *30cm 30cm S! —  -l0cw 
R= -l0 cm E ld 


— ——q 


D X 
S ^ Aem bicem 70 = $'— о 


The Final Lage \s formed at WEN, (That is, the Vays are parallel 
as they emerge From Mae cod.) 


3$-\3 


The Lage formed by Mee first vebraction 
Sexves as Ме object foc Le Second 

re o.c on. The Хо verticies are a 
distance of AÑ = Ç cv apart. 


«eK co.c 0v 
al refraction a I wien 
w=\.00 Š Y T ш Р. 
» 
W'=\.50 kO 5 = 6-10 
R= +3cm - 5 43cm 
S = oo (parallel cays) MS = pes > <! = \.5 (bem) = O4 cw. 


$'>0 2» We Hest \mage "S cw +o Ме vig kt ot the first Vertex 
= Sum Me Tight of Ае second vertex. 


nd refraction 


м= 1.50 9-а т 2 1 

= \ $5 7 X 

=. 1.00 \. 5 wO \.0-\.5 
Q= -3cm "iow * x^ = due 


$ = -3 cw (vivrtual object) ir mo A + 2 = = = $! = 5см = |. бем 


&'>0 => this final image is l.Scw to the vight of He anh Vertex) oc 


UScm Erom He center of the sphere. 
%-\6 
< 306% — <— 30 см ә 
— 60cm xd + Ki - 3 
"P DE OM = 5 
s= E= 9 -SÉ asi Жр 


f=tlowm Laxr10em {+2000 


Л 


33-15 (cont) 


lews Á 
S= 60cm — c. S£ n (goew)(30c9 _ узо, 
£= 20 cm s-& 60cm — 20 см 
thus Ае Lage is at Xe second lens, 
\ens 2% 
— M TM EE 
5= 0 5 = f-m = 0 
C = 0см 


The second lens does nothing. 
\ens 3 


ғ s< _ (30cm) (20cm) _ 
S= 30cm S = s- ~ 30cm -20cm = 60cm 
{= X0 см 


The Ww mage is 60cm to the vight of the hick lens. 


3%-\9 
A 


r3 =+ lw. = K = +).5m =*+S0cv, | converging lens) 


The Pur pose of Me corrective lens is to Jake an object at 15cm from 


We eye and Lorm a virtual image aX re eye's near point. (The near 
point 15 yke closest pomt ом which the eye can focus. 


5 = 15cm Y ok. 1 S _ (15 см) (50cm J 
pagia Sie FPS" ee Rol sm isa 


The near point 15 feom this eye. 


у € = 


50 ст 


— 0.5 m^! — Ç=- ем =-1.0m = 


=- 400 см (diverging lens) 


The pur pose of XWis corrective lens is to take an object at infinity 


and. Forma virtual image of it at We eye's far point . (the 
Ae Lartherest point on which the eye can focus.) 


Lar point is 
S= oo t E ry = Y 
foim CC Y Dose asta cao 
The Lar point AS 2.0m {сом this eye. 
133.3 
À &——15 om ——> s'=-15 cm ) £ = +locm 
= < 
t arg? = 
| ече I Ps" ((0cm\(-2Scm) 
| betah SE o gaS 5.45 — 
image object S < S! = “Es! 7 S= c< aie —^.$ см -\ 0см. = 7.14 cw. 
І es 
v) м = - $ = = S Ç WA. 


A] 


38-13 ( cony) / 
TU m= T =V! = my = (3.50) (1mm) = 3, S www (image height) 


aX 


u I . T eno 
№ 5/4.8" => Mameter of lens is À7 3$ 2 EC AN = 2.86 Cw. 
Se 
W Els ч» he Se = bite 


À 15 smaller by a factor of 1 => the area of the lens opening t$ Smaller 
by a Factor of A^ zy = need an exposure time ú times longer. 


= Yale) = ar 5 


objective eyepiece 
Stack by finding the object distance for the eye piece š 
= + rz = £ | $'=о >= }у={ =1,5cw 
The object Lor the eyepiece should be 2.5 сул +o the left of the eyepiece. 


Buk ris object is the (mage of We objective, Thus the (маде 


formed Vy the objective should be 22.1 см 2.5 см = 14.6 см to the vight 
of he objective, 


2) $' = 419.6 cm sige 
К = ом A S £ I I 3 
"--—--— fs! _ (LeowYM14. 6o) _ 
& zm S < £' c ç = S= £ н \9.6cm — l bem =\.J4cem 
№) for the objective 
_ _ 5! . \4.6¢ = -\\.3 
s= Slew Л 
LSEM А5 см 
À eq. (31-3) Mem, М, = w, Ea - бе -13 


(We have disregarded the minus sign, 45 is customary, ) 


E \ О0см | 
0) Me- R == "ipm = 5 (using eq. 38-9) 


/ 
у М = 9 = u= Mu | 
\ = angular Size of image E -A f, Mu 


1% 


3$- 33 ( cont) ва 
— ; | З, AEN 2d 
u= angular site of object = 2x/D2™ =4.0x10 


y'= f Mu = (20 em)(-5)(4.0K107*) = -ü cw 
Weight of image is Ҷ см (у'40 Since image is inverted ) . 


33-31 
For We primary mirror 
ees 
S=% > $50 > s'= 5 =2.5 r \image Formed by primary is 3.5m +o leftof primary) 
For he Secondary месо, 
S= \ 5м –2.5м = — 1.0 (vierual object) 
e! = Sw ak бук = 1.1.6 m, distance from Xe Secondary mirror +o the 
detector (where the Final (mage Vç formed). 
EE E E SEÉ _ S$! _ Om (LIS 1S 
ç st 5' ss' =” ç ^ $456 ^ Am +V1S m a 0.15 = – 233m 
£405 mirror ts convex 
R= XS =- 4.6 
Proble MS 
34-394 
©= 2 $ = 12 см 


Sereen 


5 =үұъсм = S= lAcm—Lem—- Lem S Cv. 
(Lens is moved Lem lo the wight and screen is moved Acm to the lect 
=> Screen is Мех $ cm сом yhe lews .) 


TURUX Cae а з 


X+ hem sem 
Equate these +wo Expressions Lor Ç = x + Tree "d 4 cpm 
"e 
X ^ Xtkcw ^ $C 1. C 
ха AC X - \ Дем- см Ч 
XUXxXew) — L3em lnem) ~ Чьсм ^ Auc 
DOR xo ч» den X ону А 


X(X4kcw) T ayem 


KA 


38-39 (cont) 
X* & dem) X — Чёсм> = 0 


(xe Sc) (X- bem) = 0 j X positive =» X= bem 


арр £ L; a k. L L... Z MEL „ 
Then g- x Үн = com T 6m ^ MAC nd = 3 = dem 
33-43 РЯ) PU S 
N 
Р L= 0.8m 
g wx $ #2. = x 
! => SIE =. UU = 0,23. 
Lmage Formed by convex mirror (mirror +1): 
convex = f = - 0.2м 
S, = L-X 
заа abetda Sh ote SH „ > (00361 
a" Sr” е а S U SE, 951 5-5 — L-X+0.1w 
0.8 -X 
L=0-4m =S = -(0.2) QR X) < 0 


5. 402» (mage Ls isi [= 0.23. ea +o left of mirror Æ| 


=>\$/|+\ to He le£ of mirror +2 
; _ 0.$м-Х_ Y  .Gm*—(0.8m) X + 0-16 ^ — 0, дм) X 
There Lore S, = \S, 121. - 0,8 м2 ам os x | = LOW Хх 


"x 0.46 m>—([.0m) X 
hT Ww 


Mirror % 2 1.5 concave =>» T4 =+0.Aam 
Sima| Image ts at the source => S, = +X 


d £e = + => 3 += 2— 
Sa Sı S, 0.46 w* — (1.0м)Х T X 0.3. 
(om -X* + 0.46 w^ UMAX _ _ 5,0 m- 


X (0.952 – (l.0w) X | 
-X* x06w* = [ (0.46 mt) xX -lom x> | L s.ow-'] 
ux* —C4.Rm) KX £0.46w? =O 


quadratic Formula 
> X = = E - + 
X= S [sm [Camm waqasa | = 0.6 w £ 0.386 


Thus Х = 0.446m (not possible, gives X> А 07 у= 0.1.5Uuw. 


KYO 


38-43 (cont) 


b) Repeat the above calculation | but wow for yhe (mage First being formed 
by mircor 42 and ren by mirror &\, 


Lage Formed by the concave mirror (mirror i): 


S, = 
{, = X 0.1 w 
З kus Ak ж L а 5 S.S. po Sof LO Am] X 
x 7 = = g.= - == Je oc = Кын ^а i "ШШЕ = 
5^, Ue Sk 404-5 XE ^7 LX T 
S) >Ü = image \5 Locmed о. distance TA +o the let oc dhe mirror. 
(oam) X _ _ (0.8m) X -O lom- (036 _ (Oem X -0.l6w2 _ 
Thus >= 0.8m — X-O.m 7 X- 0.2 Е Х— ORM 
S = | x = wx 
{= -0-LM™ 
Aog. a deua "RR _ y —— > – 5 
$i si 5 (0. ew) X- 0.16 m? ык с баз 
= Ax=torawd |EX= (Orton | (06) -Olomo gm- 
C Wbm) x -o.lew* TL o.$w-x ] ү 


ҳк UOMA -9.lew* tlO bm) XK -0.lbwt = Wa + (0.64 wm?) x — (0. bm)x>| (- 5.Om-) 
-K 4([.6m)X 7-0.3aw* = 43x7- (3.3€)X £0.64 wt 
ux* —(U.@m)X + о.4ьм^ =O 


Same quadratic equation AS in (a) = X72 0,151 m 


N f= S0 X0 ^w. 
_ YA A [3050 3) _ E 
wA=]1] = aa = 6.6710 


lw = cad 2 |5'\ = 1511) 


Real object = 5>0 


X mage Formed ow ilm => real маде = S! > 0. 
Thus sa lmls = (6.67 10-3) s 


The above gives one relation between 5' амд S, Another is given by 
S: = Р S ЖК сел ы 
eee Xs. (6.67X103)S goxi 3^ 
z (14 150) = хом => 5= JL = 1.566 
e) Fil he viewfinder => |ү'\ = 30xt073€. 


ES yt = 30x|Q ^w. = 0. 010 
ly | 3m 


NT 


38-45 ( cont) s! 
imi = % = S'=lwls = (0.010) s 


3 , A = E "a x 
T TX (o. T "^ Soxlo->m 


e 
5 


(14100) = 30-7! — s = 101 = 6.05 


3-47 
Thin- walled glass = the glass has wo effect on the light rays. The 
problem is her of refraction by a sphere of water surrounded by air. 
дође 
Ра kek 
RIA ^ 
First refraction lair — water) * nani nin 
n= 10 Co ы Да 
№! = 1.333 (water) „ №333 зз _ 1.333-\ 
= 89 эк Е R 
= 333 _ 
Q, +R "s = oas = agar = 0 = S’ = =о (фаха\\е| rays) 
— refraction (water— aie" 
= \.333 (water) Dy E as m3 
N = 1.0 (air) Sa Ке * 
= — co É => 1.0-1.333 
Ra = — Ф, I Si 
H = + s” > S; =+3R 
The final эме is 3Q Xo Xe vigkt rf Second surface => UR from the 
center of Lhe sphere, on the opposite side from the object. 
vu. QA ] 
ә Cuc Y refraction (aie = glass) 2 
3 TT hom n= \.0 ^ < n! _ NX 0 
air voy -jie (ol face) ú = | \ 
Jem Q ==0 plane surface ' 
-\.0 --wWs, _ Sy (Bem) 
Mee $, = Fem c x diu. жи 


This image is V cw. below the lower surface => |Ҷ cm 
below the upper Surface. 


p 


38-44 (own 
This image serves 05 the object for the second refraction (glass — aiv) : 


W=LS Bo де ua Mat 
Si S4 ч 


= \.0 
Wa е ! eue IN Ss, (1.0) (ew 
S, = VW см s dioc зае = айе сд 
the final lage i$ 4.33cm below the Xov suckace of Le plate T is 1.33 см 
age . 


above the bottom surface anh F0em -133 cm = 0.67 см above the е 


S =\0cm 5 g's 7 
wm, wi. nin 
STR 

\ ` 


wA б етс - 00см = 0, ull cm! 


— — C. —UI 
— 


g! _ VM t e 4.41 cm 
= Dutta = — 


The cornea- to-retina distance for this eye uU yhere fore 2.41 cw. 
Exercise 38-20 Says that М5 distance in a normal eye 15 1.50 cw, 50 


Kye nearsighted eye is elongated: 


t еы Triangle ad 


The angular size of Me object AS given by tanu =- 
Q \5 smal > tanu xu > w--. 
y. 


The angular site of the (mage is given by han ul = E s KU 
kviawge DEF Lime EF has the same \ength as line BC) 


"v Small > tonu ZW => uu i. : 
The angular magnification M is the ratio of Me angular Site of Me 


Wage Xo dhe angular site of Me object. 


483 


3%-51 ( conr) Т _ Y, q E £ 
ndi Fh d М) 
Thus the angular magnification of She Galilean telescope | is M= 
Since fa, Ме vocal lens of М.е Aierging \ ens, \s negative у N 1S REC d. 
corresponds kp Aw erect (mage. 


y) X. Exercise 3%-33 the objective \ens = ibis | length £,-2100c« and the 
angular magnifi cation is М=-5 > \M| = 


f LOOC 
s he-p Spm... 


f 
Tor 0. Galilean \ӨФфезсоре. М == Ф = Е “20cm, 


à The Хе scope of Exercise 3%-33: 
— \— — Ñ, — 


| eva = Ç xÇ, 7 100c. +LOcm —1X0cw. 


may NE 

— image — parallel 

qatata Sr i ps 5 

NS m by PEN 1 
oleyeckwe 


Galilean tele scope : 
Erom Fig. (36-24), Me Vest (separation between re lenses ) is EASES š 


thas the length is l00cm- осм = 80cm 
The Galilean telescope 15 shocter. 


14 


CYUAPTER 39 


Exercises WS, 1, 13, 15, 14,21 
Problems 41, 24, 31, 31 39 
Exercises 
34- \ 
The dark \ines correspond ko destructive interference and hence are located by 
Asin Ө, = (we 5) = sue, = imti 
pt dark \ine — m20 
3) 
IT back We 2 m=l = Sin 0 ч 


3 (600 xt? m) Е 
o axp3w) ^ 20510 => 0 = 3.01075 гад 
600 X107 mM) i 
FÈ dark Vine => Med = Sind sf DA у = 5.0010 3 $4 = 5.0 xl0 rad 
Note Xa Ө, and б, are small, awk that sin 9, 0, , sin 0, 2 0 
bright band are 


x 0,. 
The distances of lese dack lines from the center of the central 
\? 


хамо > Rsind, RB, = (0.50m) (21073) = 1,5107 
ү = Rrand, Z Rsind, ~ RO, = (0, 50%} (51073) = 2,5 ы 


The distance between these lines is therefore AY = Ya- Yi = 1,510 wA XI VA 
by = охо? 
{= 40X10 
34-5 


eq (34 v) l-1,cs* Gs sinB) 
Y= x 


Dl. YV, = 


Vo Cos a (Ai sie) 
cos (IÈ sind) = * dg > ME sing = 


кз, Ч y +, 
Ө small so sm = uidit ет 42 Ч, N 
= + A 3) 4 Sh 
= hay үү ,® ai 
Th | | TÀ si Qu =0 ET, tam, 5 
e MAXIMA Are given оу у Sw FMS, =o ЕД 
xå 
= 9 Оут Eom, ЗТ, .. = Oy t wets у} S T7 
x 
T he angular Se parati on between the Ө, and Ôm point 5 where 1= z T 
is Х\ех‹е®хе AG Aa ПИ ӨЛДҮ: 
эң = ud À ) in epen wt OY YA 


85 


39-5 ( cont) 


À 
Fox example) for yhe wel WAX (mA | 9 "£ a 


к. эу „МА „ „А 
bo, = 8-8 = 3-2 aa = AL 
| 2 3). .- s 
For Ihe med maximum, 92 7 А, 9, ur SES == of 0i =A 
ехе. 


When vay O reflects off We Lop of the wedge of 

silicone grease W undergoes a A80" phase chang € 
(A= AM ra NZS). 

\when toy ® reflects of£ Ihe top of the lower plate (+ 

Undergoes a \%0° phase chang e. (w= 15 ¿ KA= L.G). 

This means then Мох Khe condition for an interference Minimum 15 
дА = (mea) d\n ere An ts the wavelength in the silicone grease, 
he = y= 900 17 = заз" 


À 2 Wx 
As `w Example 34-4 (Fig. 34-1), x т = d= Л. 
ARK (YN 
(0.1mm) (333 xto7 Tm) , 
ME © ARI Mn arr ey ШШ = (wr4) (4.33 x10 Mm 
kaz (mets) (6.33 xl07 мү 


a BK = Ku Xm = 8. 33x10 = 0. 833mm is the 
X = Qe F) (€.33x10 m) 


spacing between adjacent fringes. 


Both fays Q dnd @ undergo 0. 0^ phase change On 
ceflection. Thus the condition Por destructive 
]4 tuber ference 15 AA = (wx EY, where \y w the 
wavelength w dhe coating, 


W=\.5 
Thus A= (tein . 
. | _ À 00 4) Е 
Thinnest coating = W=0 = d= T = Wo nm AT =Tlh4Yww = 7-I*XLO am 


V) See what other visible wavelengths have destructive interference * 
А = ad = x= ALA ( wavelength VA air) 


Mt wry 
wS 0 = h=4Aan = 400nm (violet) 
mel = Ле wawa = PE = 133 nm (wt visible) , ete. 
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34-\\_ (cont) 
thus violet is the only color vemoved from She incident light. 


See if any visible wavelengths have constructive interference : 
AQ = va № = = > = “© у м= |А, .-: 

m=\ > A= Адм = * (YAn) = 2 (400mm) = 200nm ) not visible 

mer \= Дм =. + (udu) = |00nm ; not visible 

exc. 


The effect of the coating is +o remove the violet end of yhe 
whike light color spectrum ү 50 the residual color of the reflected light is 


reddish. 


34-13 


For Me light at F ` 

One TOY (call it vay l) has traveled distance NOx BC+CD and has 
wnhergone 3 reflections (at А, B, and C). 

Te oder сох (cal ray 2) has teaveled distance AD and has undergone 
\ cefleckion (at D). 

The net result of Mae reflections is a 190° phase difference 
between the two ays - Thus destructive interference at Ë means that the 
path AS exewce equals aw integer number of wave \eng ; 


Сос the Мак ot E: 

The *wo ONS (AV and 1.) kave Pre Same path Aif ference as above, so He 
ar AitCecence equals an integer number of wavelengths and introduces no 
М ase Aif€ference. Ray | | thot travels from ñ +o Bto Co 0 +o Е | Undergoes 

xve&Ve склом 5. (At NS, c, and DÀ Ray 2, that travels From Ato D +o Е, 
unkergoes no veClections. The net eCCect of Mae. velections is no phase 
KK exewce. Thus ke Awo vays arrive at Ein phase = constructive 
wkex&e rence. 


Sw = nD 


— 2 E First minimum =? n=l = sind= А. 
М.КА) = Rsind [Өз small) 


x Thas = Ае. 


-3 
у= = (амэ MO gx w) азуу, enm 
N 3.0 v^ he Aoi um 
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i \ ` . Axio _ =Ë 
yono lines- см => the slit Spacing 15 A= 4000 = %5Х| ^w. 


. О. À 
The \ime positions ave given by $407 My, 
Second-order > med 


-4 
sin 9. = [езет = 0.51.5 = Ө, = 31.1 ° 


ЧАО хдр ух "T _ 0 
ue arr = 0,328 2 0, = \4.1° 


sin 8, 


The angular separati on is om Ө; = 31.1 "= ТМ um 14.5” 


За -).\ 
Ra leigh’ 5 criterion Says thet the two objects ave resolved (f the center 
oF owe AiCCrackion pattern comcides with Me Lest Minimum of We other. 
By et: (34-10) the angular position of the First minimum relative to the 
center of Lhe central maximum is Sin Ө = a | where a i$ the slit width. 
Wewce Me objects are vesolved According Xo Rayleigh's criteria the 
angular Separation between the centers of the images of the two objects 
must be at least “К 
Bux as discussed in Example 33-1, the angular separation of the image 
Point 5 equals Khe angular Separation of the object points. 
Thus 9 А | where yalm is the Separation of the two points and 
5 15 their distance from he observer. 
= s= Ж& = Cim) Зу = 2000m 
$00XI0 ' ^ 
Ўсе ms 
34-41 


The only effect of Lhe water is to change she wavelength +o 
\= ео =4SOnm 


Sw б ка ss > Ym Кхам, = Rsindy = : T \ 
BAR _ Blyss INO Sm _ E" 
мл ү = XÀ 77 2 00.3x10 2m) = (125 Х\0 wA 


Р -3 
SEENE 5% - & (338A - S£ (AS XI m) = 1875x1079 v 


The Separation between Me two wes ом AMe screen is 
Ya- Y, = 1815x1073 м “1105x1073 mw = 1.50104 м = 0.150 mm 


(Equal ko the answer in Exercise 34-\ divided by Nwater = 333. 


NS 


34-14 


Roy Q Unkhergoes 0. \%0° phase change on 
vetlection ak the top surface of the glass, 


Ray @ has мо phase change on ‘election ком 
Khe lower surface of the glass. 


W=\.0 The condition for constructive interference is thus 
LÅ = (mt Z) ү MEO 1A, oe 
жы ^ 

A= (wiy) m Ле Aig = Aloton ALS) 1200 nen 

wi А 

0 1400 мм 

| 400 nw Only \= M$0ww is in the limits of the 

* Ч$0 nw visible Spectrum. 

3 343 nm 


This problem deals with Newton's vivas ( section 34-1, The interference 


AS between STE reflecting from the top and- bottom edges of Me air 
between Xhe ws awd plate. 


€) 


Ray () dws wot Undergo aw pase change on 
reflection, 


Ray (3) doves Undergo a 10° phase change on 
T хе Clection, 


Хох | 
Chesteuckive inber ference) Mewce Lhe path difference 14, where dis 


the thickness of Me aw wedge, must Satist 
24-7 (med), 702, Low constructive interference. 
Thied bright Ting > mz and 
-4 
М = 5% = лавом wl 2 BAAS X10 Tm 


Now must pelate this to We diameter of the ving * 


naw radius of Х\ е ving \$ X. 
ЫРАС ы 
is = x= Гат (Ray = 50-а -а? 
х= |1А4-4* 


Bur = L10€ 724. so can neglect АХ relative 4o ARA 
> x= AWA = |а (ажуа XO му = |.Ч0х10- Im, 


This ‘is Khe radius. The Atameter of the ring i$ 1X = 1.8010 Pm = 2, 0v va 


LIA 


34-3] 


Asinð = m\ 

Cow AW order => med _ dsind 
О 1 b => = ų 

À = "л се 2.0х\0 м 


The \ongest wavelength corresponds to the largest possible value of sin Ө, 
which \5 unity 
= | — = t = — on = S.0x10 m = S00» m 


34-34 N 
Ray leigh's criterion => 519 = 32 3- 


X << À 2 Sind is small) $0 Sinz awd B= Lar 
Burt, as discussed in Example 34-4, this Ө 15 both the angular 
Sepatation between Whe centers of the images and also the Angular 


separation between the objects. The latter is Vs, where y is the distance 
between Ме objects and 5 is their distance from Ahe observer. 


Thus + = 1.21 à- 


-3 
ELE . iom ox) __ =\.14 X10 m = \\a kw 
S = 142 \.22%(S50x107 ' m) 
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CWRPTER 40 
exercises 453,5, 1,124414, 21 1.5 


Problems 271, 24, 33 35, 31,41 


Exercises 
6-| 


Simultaneous Xo observer ow train => light pulses Deo M aud f 
arte at 0! at the same time. Tn feawe O light From A’ has a 
shorter distance to travel ran light Ç com Bi so O will conclude Mat He 
pulse at KCAL) stacted before the pulse at B (Q^). To him bolt A 
appears to strike first 


40-3. 
à DK Pow 5s, Mk! = 23x10 5s 


I 
mum Bk _ 2.3х107 es _ 
i - = - 4% 7 Ak L.G X10 7 55 = 0.\44 


wA = (0.144) ~ = 0.0201 = u= o = 0.0207 © = Olit 


^ Te Bae lalooratory " = use NX, the time measured `x We laboratory 
SX - АК = (0.990) (4.6107 5 s) = (0.340) (3. 00K10% 5-1) (1.6107 5) = u.15 X Mm = 9.15 Km 


40-5 
= AG 


l= length measured by a stationary observer when the Space craft is 
м^оум =» Ñ = 200m. 


{'= length measured by a gaye observer when the spacecraft is at vest 
Toate 


4 


= 333m 


40 - 
(0-1. Ж 


eq. (40-15) X =u wa 


1 
eq (40-1) ХАА ex Ji- а 


aM 


49-7 ( cont) ^ 
Equate Wese two expressions foc SO == = -uk 4x fl- 2 


Solve for X: uk = x[i- Wa _ X-ux 


Ji- w? 
) ЕСЕМ ZA- Huk ихе хк _ -u( xufet - x 


i 7 


С " 
=> X = Pana À which Vs eg (40-19), 


M0-13 k À 
r= зе (Toe) Leg. 40-24) 
et ees a AF À 
c Na Mk A M vay (== A) B 
y а ЛЕК АУ v^ 2 2 
Ak (Iesu г v m | © ЭХ (муа) Li- `< ы Ж | 


mM 
ы: (PEZ 
3 
Qur A ¿y = к= СЕТЕР j wild. 15 eq (чо-24). 
_Чо-\5 
À = T , 40-3 
W Ke — 2 (е4 40-31) 


yest energy ts me” 


Thus "a 


= 


\ 
wC => wc’ = “(т Yer ~i) 
— = > \- Se =0.25 u=] Sas < = otebe 


y Kalom = 10me* = "cr =1) 
a 


= nes -W > \- % 20.0026 = у= Јо. ооздо c 20.4454 c 


45-31 
Ф (ҷо-зч) Е“ = (mc?) es 
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40-2\ TN 


pe << мс = pmt, $0 can make a binomial expansion (Appendix B) 


of Me Suare Toot and retam only the First two terms. 
| (y itl tee) +... 
2, 
Еме үн ] = mets d 


Е м АЛ ағ mu (A A* © Жы 
= fee c E - " 
9 << мс =» А 46 С | 50 can expand (\-У%#) * Ү, well 
2 
(\- *%2 


he 
£ d L za neglect 
р= мау (\+ Loc ) = мл OX bw” = w phe classical expression 


1. 
A 
elect m 


2 
(wv) 
Then Esmor “Sar owe TMV as desired, 


40-15 


А c+ 
Approaching = £ „|е {' (es, 40-41, but with Xe Sign of u changed, 
as Aiscussed iw Khe text below kre equation) 


Convers \мҳо an equation relating kay: 


> oe аа = < - [exe ©, БИ E ! 
Aeg эке crx qup р ож 2 А 


-U 
X261 у № SASHM = Sanm = E (615 nee) 
0.6044 (c<u] = c- 
V60440,2 0.345|1c — Ws AYE = 1.3€Xl0 м: 5^! 


Loblaws 


40-11 : 
À Wk = 26х10 S Ме time measured in Me vest frame of dhe тг“. 


Vit tin: WR ED M-va Yo vele Xhe length L of Lhe Lube in 
Ane lab frame to the length Q of Pre tube in Jue vest frame of the TT 
б = (зок 19?) 1- ух. 


Lives uw ib reaches the end => б< \ = (2,6х10755) у 
Equate hese two expressions fo L=> (3.0x19°m ) dl- LA -(4.6Xl07 s) M. 


Wue V ag (\-5)с, $0 hat can solve for 5 rather than for v itself: 
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Чу-). ( wl 
m omm dex = акра = fae 


neglect 


À 
(3x5 fae = exo s) Us) (3.00K10% ms“) 
[asw y fas = Aml- d) 


Square both Sides of The equation = (\.3 xW wt) = (вом) (1-0) 7 


KA 


Ж. 
But 60%&&1-%Х\0 so let (\-Ъ\ x ( 5 will turn out tobe << 4) 
— (да ХАО m?) № = 603m — № = 3.38x107° 


масх. _ N ME mê а — w _ 
V E= fie р 0-с ESI * joe = 
wat neglect 


= t= TS 


134.6 MeV 
1 = , V = = : 4 
Vest mass Me 134.0 MeV = C NEET 5,371х\0 MeV 


( Note: The velocity \$ very close to e velocity of light. “Lu part (a) 
Le Bx mfn = 18m, So yhe агле wakes it to the end of the 
\ube before decaying because of Ме extreme relativistic length 

wont faction of yhe tube in Mae particle's Frame, Also, ihe particle's 
energy is much \arger Ahan its rest energy. ) 


46-1.1 
à (~) NP gm onnnn> E 
=o " 
? oton 
Co nucleus 


\ wti A ÑA Va \ 

Apply conservo Of momentum! 
For Me recoiling nucleus, р= м^ (Lo the lett). (we will we the 
nonrelarivishe expression . TE we calculate phat 17 << С Shen XV is оК, 


otherwise we will Wave to Start over, using the relativistic expression 
Lee] 


For yhe emitted photon Tia E (eq. 40-34) 4o the Yight. 


The Vel momentum is zero, so Me Gal momentum of the 
System musk be zero 


= wv = < 
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40-24 C cow " \ t60 же S 
E | [77 i lama p “anqa ue. = 112X107 ms! 


NUNC (40433) Coe xu?" Keg ) (3, 00x10 957 


3 -\ 
= 1.12. XAO ws "m 
C= 3.00 x0 85 7 АЧ xt ?, so V 44C and the wonrelativistic 


expression for Lhe momentum of the recoiling nudeus i$ very accurate, 


40-33 


4) K=eV> К (kinetic energy in electron volts ) > V =l.q0xI0“ V = 0.180 MeV 


(An electron accelerated through 0. potential ИП 1м gains kinetic energy of leV; 
Section 16-7. ) 


b) Е = Кемс? le V 
vest energy me = (4. Ши kg) (3. 00х10 Bs) = 8.101079 (соот) 
= $44 X10 eV = 0.51% MeV 


=> t = 0,140 MeV x 0.512 MeV = 0.692 MeV 


O ше T from Е, ASing the relativistic expression : 
me _ _0.51aMeV 


oT /c* udi NAA = € “° ~0.69aMeV = 0.740 
lem = (0.140) = = 0.549 > ve \-0.548 c = 06720 = 2.02 X10 m6 


М Use he classical expression for K. 


aK \,ьох\о!* Т : 
К= Хмм = a= Pa, | Ke 1.80 x10 Se (C579) = 48x10 "T 
1ч 
у = Р Ra = ASINO ws- (about 15% too large) 
40-35 2.00 XI0 mS”! 
i А Я 10 м:5 
Tn crown glass the velocity of \igkt is = кее = гв 1.47 X10 ms! 


Calculate the kinetic energy of an electron that has this Velocity. (Note: 


This velocity is close to the velocity of light, 50 we must use the 
килин expression fox Kiwetic energy.) 


TL 
K= == -me = wÇ Tem =} = м С ICA) Пт -\\ 
K = мс dum = = = 0.31% мс“. 


\eV 
For an electron wc* = (4.11107 ks). 00x10 esl) = s AD ХІ0 "v 1.60 X10" я) 


мо = 5,1210 е V 
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40-35 (cont) 
Thus K= (0.34\(5.1%х\0%е\/\ = 1.69 Х103еу = [69 keV 


€. _ 300X09«.s- 
es 


Observed Frequency ; f= 430.4 Y10 1м = 6.41 xto us 


3 -l 
| ‚ (Io & -_3.00Х10°м$7__ 
Frequency in the akow's vest frame 0 = 7 = ma = 147xi0 5 He 


Ce£' yhe emitting atoms ave receding ЗИД ue earth. 


_ fe pra few -E 641x102 
eq. (40-4) ts CXU. [ > Cu t ачахо Н = 0.292 


E Aca 1. 
cru = (0:291) 20.0145 = c-u20145c +0.0145и 


|.0145V = 0.4205с > u-0.€53c = 2, 56х10. 57! 


40-41 


Lek x= У 2 Aw = сдх and x20 when v=0, x2 when ven, 
Ме AX Е 

"Pe 5, ТЫ щы Е s] 

(e ÀX X W N/¢ ay 


NE EN Mi. a alt 
о Ux? 7 Л-х* T муа =F [\-^®% а = (i) k 


Solve dais equation Yo get vs, and ken look at the behavior : 
л 1, 2. 
ШЕЙ. чи = ($) ы => «te (Eyx*- СЕД Ал 


NIA 
wc a EMT БЫ Fox ¿asas ES. 
v*l 1 с> jo — V< irt = cl E | 
№ m J Wet ЖЕЖ VeL) 


1. ë | | 
Im (Ze) 5 alway s 21, SO fix (SE)? 15 always & | | 50 "4C always, 
c 


` MENA 
(The larger K is the closer v gets +o c but pr ($ never Zero) 
SO ^ never teaches c.) 
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CHAPTER ul 


Exercises \, 5,4, \\, 15, |4, 43 


Problems — 15, 11, 44, 35, 37 


Exercises 
š -14 
i т E=ht dE ute Е (\oxtober ( 169x103 ) . 
= h EEFVZUUTEETEGEI NN = 1.Ч{х(0 Hz 
= £-..2.00XQ0Tw.s _ M 
b) A = £ 5 ачха Чї = Ay m 


AÀ N 1s a Factor of 1440 times larger. 


ul-5 


— sH- N uD 


a) E= Wf = (ыо? ss") oox ka) = 6.63 xjo7 53. 
\е\/ 
Е = (6.63x10-** 7 ony = WAY XO” eV 
v) The number of photons emitted per Second must be the total energy 


emitted per second (the power out put of 50х03) divided by the energy 
lin Joules) of one photon . 


_50х\09 Ts _ 4 5x27 photons . 7 
= b.63 x107 > 5. photon” m 
ui-4 
eq (t е\ = <= ó 


The hreshola Frequence Fa is the value of f when eM 0 : 
0-Wf-&à э =ф 


Thus eq. (4\-4) can ae written as eV, = - МХ, . 
Oe) лм berms of wavelengt 
vy tw Ferms of wavelength, = > ew =he( T-A) 


^ 
+ =+ ety qt. Момота (0.547) 
Xo À AC Z 2.54 IO м (6.626 xig ts) (3.0xl0* w.s-!) 


A = 3.44 0° ww cuasxito Se = цао 
hat AU = Atin 
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t-u | 
N eg t-q) £= @с (as ur 
He => "74 
(Lo ac (3.00x10 ws- [+ = т) = 611x10" He 


E. od 
€ _ 300xX95w-$7 _ _ 
vy) \= ç š жЕ Qr = AXO m = Чеби. 


Ч\-\5 
From Fig. (4-9), AE, 3, = 10.Ье\/ - 1€.70eV = 1.46еУ 
60x10 43 -19 
с DE = (lae 903) = s ao I 
The емей photon has energy E equal to the transition energy МЕ of the 
pide Ме he _ (62 xig 3 3-5 Y (3.00xto Sw..s-!) P 
DE =E=\f=-) PA=E = 3. lu Xi 7 = 0.3310 m = 633mm 
This agrees with the observed wavelength ot 633,1 wes. 
TEC 


à е4 (4\-17) FQ) = 295 (елат. 


Maximum in F( at = > A s zd. 


X =0 a | чы ) à he 
-Y © бу e*^^ -| - - 0 | where we have defined A= Lr 
“з ү _ A Àm тшде) _ 


£ - h 
Ler Qa х р хе 
6 1 
Sx X 
Thus 7 FL UMS ex s0 = —SX% eX, SybyyteX=0 


-SeXr5xxe*=0 =) -S45e%4K = 0 = 


This v ef. (41-19), And, as the text SAYS, it gives Mak x= 4.965, 
X= 4965 gud х= =» An = кР as was to be shown, 


We _ (6.626 x107 34 7.5) (3.00 xig 57) _ =3 
D Мт еа ^ "iate (заго 23 3-71) = 2:40 X10 м. К 
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М\-13_ ‚ * 
е4 (4t-ay) А-А = gà Ц cos e) 
A> = 0.01 — 0.01 = i Ci- cose) 
м CÀ 


к (eol) 1-905ф => cosh zl- (9,01) 


“э! ? ws- -10 
_, (а х0 77 X9) (3.00 x108 wes-!) (0,5 x10 Om) 
Cos > -i Ex. 6.616 АКД (0.01) = 0.144 > ф= 37.4° 


oblem 


-A5 
À One photon dissociates one wolecule of A 
Xo dissociate a Single molecule. 
€ =(\.00 Seat С=с ier) p" TOT AE. Иа _ 
\ х\0 6.01 xio*3 molecules = |. 66 X\0 diro = \.ОЧе\/ 
-34 —, | 
йам» he => уе Se u (eenen тз озо wed nda Space 


3 Vv, so weed ty find the energy 


_ S- E U рр 
б == «е = тте adt ШШ 


a) E= Wt = (6.626 xlp 8 5: 5) (100x109 He) = 6.63 x 10753 = Чач xl0 le V 
e) A hoton of Frequency {= |00М%ъ has much too little energy (as 
calculated lw UY) to dissociate Ag Ве. the photons in the visible light 


From a Firefly do individually have enough energy to dissociate Ag Br. 


€ huge number of (00MRa TV radiation photons can't Comp ensate fov 
Me Lack Hut Vel Awa еу have too little energy. 


£\ As explained lw (ey, the answer is no. 


MAL os 
e\o -M-6 = eV, = ` -9 


GN Me. two wavelengths ), and Yay and ‘he corresponding Stopping potentials 


Vou and Vox . 


h h 
= ea = ыы ` е = X -ф. 


5ч act Wese +wo equations => е0, - Voi) =kel%; b p 


_ We (ti _ AN L(eexexip ? 3s) (3.00 xto ts) |. | I 
NN = Vox. - Na, = P bn «i Е Leo Х\07*1 С, Гетта | 


Зохр "ww — H00X/0 4m 
NV = 0.345 V. 
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f= < | we Xo convert the X entries in the Xable to f Values ' 


No, volts / 
E Vo / 
BIO XI HE — (utV \.5 x 
4 WAWAN Kr NC 
6.56 х\0\* № 0.43V T 


оло X0 he о.е 
650 0 ys 0.36 
$\% XxY0 He ERN 0.5 


1.0 4.0 6.0 4.0 fiio" He 
w -$ 


|w = 84-4 |» V, versus + 15 a straight live, 


0 NN X: Ç when Чч„=0, 


From Же асу | = ITM He when Vo 70 =» EN - 4.5 xo! Hz. 


\, st = Sooke , д 
Y) ii = fa. суча = 671х107 м = 670nm 


Ого = BS =F > фе = lebabo HTS lsd ye) = 148x073 


= \eV 
à = даво Yun) = 1. ç6eV 


A The slope ot N, versus Í is n , 
\4SV – 014V NR 


= 


= - 15 
Slope = qa0xiQ he -5.18xlo THe ZoLO He T UALXLO ^ Ves 


WzIN-wc^ = UC" 3 Slope = YUKIO ss c 
leas Ж = alo essc amd W= ctl lO 3e c7 (60 x0 ^c) = 6.59 Т. 34 5-5. 


This 1s in qood agreement with Ме accurate value of G bicn 4 Tes . 
(Tk 15 too small by gbout 0.1 ? 


4-35 
N eq (4-2 у-у = Me (A= ose) > лу = X A. |-casQ) 
A... eii So AN 
largest NX => со5ф=-1 => М MO = Tauko? ks )(3.00xl0 7). 7 = 4.45 XI0 im 


(S 70.004€ 5 nw 
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41-35 ( cont) Ту 
A алев V | 
Wane lengkh охе =P ATFALDRAAA-A= the À = À 


thus xdi O 
) = fme = 5 (dixi key 3.00x108 wisi)" = 4.101077 


n V 
C = u10XIO “ре = 2.86 x10 e V 


41-31 
ÀN Reply conservation of energy * 


Тл, energy of photon is x: 
energy of electron (S мос? у Since it VS at vest. 


energy of photon ls iva 


energy of electron is мес EK. 


Mer Khe collision у 


wea energy = Final energy 


`A 1 _ 
= M Y eC = x мес К 
SE. CES 
0. Ox tom 4м 


K =wc[ X - p = (oa exi 3 т.) (з. o0xto 0-5!) | ТТ. 
K = (aa xt Tew) (4.04 х105 м!) = 1.611071 7 
`< = aw tz P) = \.13x10°%eV 

vy The photon has the energy lost by the electron 
> ME ek je W чан a ante. p oat, 


A = V0 
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CHAPTER 41 
Exercises 115,4, \\\13, 15 


Problems 1\4, AN, 25 21 
Exercises 


41-\ 


2. 
A еч, (а-чу Vy = 


ү 


2; 
e^ _, (usos tc) 


Eo anh 7 ^ “(8.554 хдо са Ам) ( 6.626 xi TS) 
N = (ANB KO mes!) 

We => V = 2,14 410° Ost 

= 2 => A. = 104x108 ms “| 

W=3 = Vz = 0.1217 x10? ws 


b) The orbital period is T= 4.30€ 


aA 
KT 
Yn = €, eat "S 3,2 
MEK A є, anh 3 
Еч е 
АЕ SN т-6) (9.854101 СА N77) 72. 
| 3 | ate ede ХА TS) 7((ь.ь1Ьх\0 .85ЧХ\0 [Р á " 


үү=\ => T = 152x107! Ps 
Neh = Туз |,12.х\07\5< 
n23 > Ts = ц.43 xio 5 


А First excited state — ñ= ( ground state is n=l) 


-$ 
° ` ‘ 5 ' 
WAwpex of Orbits lw Iois is A = $. 0 Х\0° orbits 


ҶА-.5 


AÀ The force of attraction between an electron of charge of magnitude @ 
anh a мекс of charge Фе is 


bes te" 


е 
ma НЕ 
\ Le _ wA 
Гем = це ут © T 


| à; h 
The uant ization Condition 1S WAY = ^m Just as WS Tov hydrogen, 
Therefore im all re equations derived for hydrogen replace e* ey 2e*. 
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44-5 ( cont) AN Ча, 
Ya par ticular) e (44-6) becomes Е,=- rx $wW e A 
Thus for 222 dhe energy of a level of given n is 2 =Ч times 


what Ww is for >=\. 
X. we" j. X 
b) = (42-1) becomes í = еа "ord ny - ai) 
m 23e^ A. ; 9 
| nt ) 


x. 
and ш T s ec $3 с ni - 
ч 
R= 9 AERC лу} (R= 041101 m) 


с Bhi 
| 
For 2221 Wis becomes У = ча (yg <a) 


Lyman series: Mij №243... 
longest À is for 21: be 4uR(+-F) =3R 3AN wl ә = зочин 


shortest № i5 foc nae: + =4a(+- 27) == 434 Х\0 1м! 2 A2 22. им 
The Ly man Series is not in de visible for Her. 

Balmer series : = 2, N\ = 3, ч, Е 
longest ) is for (23: Y= uQ [v - 4) = 0.554, =6.10Х10%-1 => ) = Ie ww 
Shortest À 15 foe n>a: A =4R (4-5) = R = oxo m — A230. n 


The Balmer series is not iw the visible. 


Paschen sexies © 4 73, WEUS, o 
| = d-t) = 6 -\ " 
longest \ is foc W=4 : FEURIG- 1) = ou А =A. 1306, A= U64 nm 


shortest A is for woo: EAR (G - 25) = 0. 4 = ug x0 Wl )= доим 


According Хо Section 35-7 dhe visible spectrum is from LOOnm +o Л00им, 
there are therefore some lines in the Paschen series in the visible. 


Brackett series! М =M, WN, = 5, 6, ror 
longest Ais for wz S: X =s (т Р 35} = 0.04008 = 9,87X10 Iw! — 1-210130 m 
Shortest Nis for Nee: 4 -uR (dc - 45) =0.250R = 4 1uxl0 m) — у = 3650 
The Brackett series has lines in Ме visible. 
Phunk sexies: ^4 =$ i551 Les 
\ong est N is for \, =6 : X = ЧА [зе - Э} =o. qa = 6, 30xl0 5. 5 = ISEH nm 
Shortest A is ФС Мо: 3-=ча( ge - 2) = 0,160 276х106! 56n 
The Тох}, Series has lines in Ме visible, 


= 6 series : " rt 
The shortest À 15 Lov VY\\ oes) =4R En š 2 ] ZOUR = 1.22010 і 
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Ц-& (cont) 
= À) 24100 
This wave length 15 Yoo long jo be m Me visible 2 all of He Qa 76 
(and Wiker) series is not in Ае visible, 


The conclusion is that the Paschen, Brackett and Pfund series 


have lines ¿w he visible for Wer. 


1. 1. 
CO) With е9 Фе?) ед. (42-3) becomes ty (t) =p un, = 3 (+21) 


The vadius for We” is smaller by a factor of L Compared to the radius 


for № ом) Хе Same W, 


MESA h 
a) eq (4) = кет 
ЖОЛ Ыг 


= =ë -—PnFh = гі & 
elect ому N= 500V = À (ал 0-3 кау ео 3 ETTI 7 NMO Im 7.0.0554 nw 


_ _ 626x107 9 1 3:5 " -12 
= LU 
ive: EE X) 


Ч2.-\\ \ 
À DXbfy ~ AT 


SX % uncertainty lw position 15 ом or dee of de Broglie waveleng th) 
Thus ESSE. —bBekr 


b) ex = 0. $x 0 9 м 


Wo  6babxio P yes AM 
kw X 7 xm(o.sxuc mw) = AUX кале”! 


Dxbp A > bp ~ 


aie ы 
Tu yhe Bokr model, foc nal ^7 "S, WR (eq, 42-4) 


mer _ (аа хдо va) (1. 60x10 1c)” _ РР Е 
м е, ~ ALSS xio. N m- (6.626 XLO 2+7: S) = 1,49Х107 kgms 


thus Me uncertainty Bp is roughly equal Xo p. 


4A 
t= мех = DE = (swycC* . 
m= З(1.67х\0727 kg) = 5.01 X10 Ка 
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ULA (cont) 
DME [Pom = Dolls otxig Ia) = 5,01 Xp ^ kg 


BE = (5.01 x0 a) Goo xto tws) = 4.51 x10 T 


nh _ E AE lO c E _ PT 
еф, (44-11) ЕМ ~ > > wk = Бе етта аа = 4,34 x10 2 3ç 


44-15 
deg (91-01) Laem, ma -k у.) Fd 


Therefore, the largest m for 23 is m=3, so the largest L4 = 3h 
©) е4, (42-210) Le] Wai) W = Bu ® = 3.461, 


Note: | > max La 


E Lh 
L cos $ = CL = эче ^ 3.46 


The allowed values of m Tange Erom -A to +L. 
Note: La ¿0 (Sor moo) > 0240 


me 3 э asd = Zep = 0.067 = 0 =14.4° 
м =-3 = cos0- – 0.87 — B= |50.1° 
met = сод = sue = 0578 > 9 = cu^ 
w=- 2 cos? = -0.579 = 0- 115.3” 
mel = sD = sue = 0.184 = 9 = 131? 
m=-\ = сод = -0494 5 O- |0%.%° 
w=0 = 0502 = 0 ә 0=40.0° 


Peoble ms 


41-14 
The only change liw the Bokr model Formulas is that we use the muon 


Yakher ron he electron mass. 


A Mme уму e^ 1 
à) е4. (Ya-6) wel > Е < - €& ч. 4 (ex) 


_ (24070(4. xi 3 a CETERAN 
qa % (9.954 xio * C N^ O7?) (6. 626 xt o7 3- S) 


1е\ 


(Note: this vesult equals (1.07) (-13.¢eV), where —126eV 15 the ground state 
energy of hydrogen.) 


З l6 
= -4.49 x0 Т 
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u4-44 ( cont) 1 А 
À VA W 
) eg (42-3) with wat we c) Lect 
e di 
— — т үл 
Burt €, Te, er = 0.53 X|0 MÁS Aa hydrogen stom Wel Bele radins dd We M 


м 207 
=> v = LSx m = 2.56 хот! 


u 
íA ме [a 
à 45 6o WS WW) 


y o £ wet (Qv эү jee" C KNEES 
М c^ eu s u w) tes vcl ` W] 
= = Ё = 1.097х10 w^ and We ` 407 

1. 
= A= 207 (0041 x10 v) [a - +) 


Q1 1 d = 207 (0.04707 w (3) 
\ ч К 
NT оерт | = TT AAS xto w= S.S? 107 m = 0. 587и 


а wavelength $ "E spectrum are aW smaller by a factor of 207 Compared 
Xo Ae Wavelengths Toc hydrogen.) 


41-41 
к) = -pB 
Bohr Lheory = w jY = w = ЛС 2 У A. à 
e + er (ер. 44-23) 


Thus per ES = м {4.27 КГ А.м). 


: БЕТ. ЖИ 
We 7A ern t o aan = =n (1.654 xot оте) = и (меис RV) 
w= 3 \еуе\ is shifted by (дб 2-3 (iby o"e V) =- 3.4¢x107 teV 
w2 \evel is shifted by Us - ACUloXI07 e V) =- a.3axlo tev 


b) The shift is sma\\ , so let's Jere an explicit Formula for the shift 
in Wavelength, instead of subtracting two large numbers that are almost equal. 


For Ee е separation between the levels is Eo, and the wavelength is А? 
„= =. 


With B=2T) let Me energy Seracation between the two levels be E, 


ом re wavelength be X; 
Ec be 
2 ә, 
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44-1) (cont) 


n= 3 "aN ! 
NEUES eee Lek AE z- 300r el -[- 132300 eW 
- -4 
5-0 B= 27 


DE is Xe change wm Ме Xvawsiklow емесе ( Separation between Хе W=3 and 121 levels). 
ES t. DE. Since Е negative yhe transition energy vs Aecreased. (The 


Wer \eve\ is \owered more than Ahe lower level у dhe (nteraction with the 
magnetic Field.) 


The change NE in transition energy corresponds +o a change in wavelength: 


= yx DY. 
We week Xo derive бу equation that relates NÀ to ҺЕ: 
| = he = We sd Ий a э he bd а Ме. М) 
Pee d хры) Лу, [u Peis DES 


In She last step we Wake a binomial expansion (Appendix B) and retained only He 
first Xwo terms. This will be accurate if 53/3, is small. 


A h he 
Buk also E= E, ЛЕ > E, «5E = "M т x N) = Е, + N À 
> |NÇVÇ - - WE) B 


This is the desired equation relating DE Xo AX, Note that the minus sign 
means that BE negative means DÀ positive у a decrease in transition energy 
corresponds To an increase in the wave length of Khe emitted photon. 


< "AY pity 
№ ac 1656.310 м дах" Ч M60 X10 2 ë 
DA= he BE = iad ae иж ev) ( ex )=x 4.02% Хб m 


Му, = + 0,040. nm 


(Note: S is much less Мам А, у $0 re binomial expansion we made 15 accurate. ) 


44-45 


à Py = Px (2) leq. 42-1) j^ is the Aperature dia meter 
a =m (8 = vy = VK (4) 

The uncertainty in position of Mae point where the electrons strike the 
serten 15 BY = A Ny y where K is the time th takes the electrons to 


travel trom Ahe aperature Хо We screen. The factor of 2 is put in because 
Xhe electrons coul Wave either positive ох negative Vy. 


k= са ) where A= 0.3m is yhe distance the electrons travel 
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LAS ua AM 
ЕСЕ" Pom 
zs _ VY: 
ARA = р э» bY = TL 


N is the velocity Khe electrons Acquire by being accelerated Y очај the 
potentia of NN = 20,000 volts + 


K =e NV -\а 
fre nv л (60x10 ^ C) (2.0, 000v) 


(Note, Ж = 0.18, $0 using the classical expression for K shouldn't introduce 
much error. ) 
(6.616 Х107 3% T.S) (0.3m) 


„ Rm U O S SSW ас з: qu _ 
Then BY = Tawa es Grex wes (оао Sm) = LAT m 


V) By is only Ow the order of Ме size of A Single atom; this uncertainty 
Was no effect ow the clarity of the picture ! 


42-21 
The number o$ Skates N with principal quantum number n \$ given by 
Summing over all w 0, and < quantum numbers: 


For А given L, м dykes on the values -Ё -1 xl oye for a total 
of ALYA Afferent values of wm. 


Then Since takes the values 0,1, ..., Wel 
= Wer) 
М=2 E ( 
The Factor of 2 Accounts loc the +wo possible values of 5 (с= tI). 


) 


ү\-\ ү\-\ n-\ 
N= 4 "M б 4 141 = HZ l tın ) since there are п terms in the sum. 


№ M (M xt) 
The problem tells as Aut Ds \ De 


= | 
| w-\ n=! (m-i) (w-1 40) (м- Ми 
\ V] M-w- => 22, | =- —— = i 
Међу wi gh = 0 Ë * 
(м-т 
A, 


Thus ERN 


) Fan = Anlw- tan = an (n-ti = an” | as was tobe shown. 
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CHAPTER 43 
Exercises \, 1, q 


Problems — 13,15 


Exercise s 


K3-\ 
à w= 5 = he 012,34 (since 0 = 00... 0-0. 


For each Ü | w= -&, „ДӨ үл» | |. 
number of states 


L=0 w=0 
ket m=-4\0 tl 3 
\=1 me ~2,-1, 0/4 42 5 
Q)-3 w=-3)-2,-1,0) M4253 1 
б =ч WM z-78-3,- 3, Uy 0,41, 3, 3,4 A. жа 
45 =n (See Problem 42-27. ) 


À Two electrons (because of We two possible values of the Spin quantum number] 
im ead. R-m state > AS) = SO electrons in whe n=S shell. 


AsL ' 
Ñ 1 = weta мү etit ө jx = 0.074nm 

\ = W Aye 

TP vw = \.67 X10 д 


2. 


X = AU Dao wq) (0.037 x07 m] = ц. 57 XL0 T To м 


v Ey = Lear Ves, 43-3) 


xo (Qosuxic? Wal. -2 \ m ИИ 5 ДИИ 
A— Л J = Ыл ы гб Т” = GAN V 


VI AESI xu 1$ 9 w*) 
0-02 E, =0 N" 
Q=\ =? == Neos 
1 
= > Е. 6 Ux = 4.$7x10" ^ eV 
À = 2 L=0 transition = МЕ = Е, -Ep = Ч.57х107е V, 


= \.51 хое 


1.60 х10- ^ T 


Thus Же energy of Me photon emitted is E = Kt = 4. ETXI ( Lev 


| Е = Uso Т 
-E аю 
ЕМ ate Тели = ЫШ" 
©. 3.00 x10* v e: Sl = 4.13 х10- 5, = 21. 5 «v 


uli Жытты 
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u3-4 
Each atom Occupies Q cube of Side 0,2%2 им. Therefore the volume 


occupied by each atomis V= (0.282 xi^] = 2.29 10721 им. 


M 
From Appendix D he mass of a Na atom 15 му, = w ® 


-3 -l 
= 214.9390 X10 a: I " -2b TEE" 
"Na 6.021 x(0* a = 3-818 X10 K9 ) and for a (Ü atom it is 
Meg 


-3 E 
= 35-453 X10 ` kq mol _ -2,6 
WA 7 ырлар Зы = 5-67 10 KS. 


The average mass (since in NaCl there are equal numbers of Na and cl atoms) 
of re atoms w Me Crystal is 
m= filmna a = 5 (з, 818 х0 a x б,зетх\0®°кд) = 485X107" кд. 


= St = 4.€5 x(0 ^ < m 3 -3 
Thus р V ` awo wA 7 2. 16 X| 0 kgm, 


Yeoblems 


43-13 " Я 
à ulg ` t= S= s [RO ем (ат) 
The gesblew Says to consiker the Ch atom Stationary, So itis Ше Ú atom 
Wak Vs moving back and forth on the end of the “spring”. 
-M _ L 00 XL kg mol _ pe 
MATO Na од хо 187010 Kg 
k = (161 xio kg) (an Lacio tat = 488 м.м! 


BW =з Е= hf (transition energy = photon energy ) 


= МЕ = (6.616 x107 5:5) (8.6 x10'F He) = 6,10 x10 MOT 


" V 
N€ = 5.10110 A esa) = 0.356 eV 


S oed 
= < _ 3.00x 10 wS - 
A d= = “sexo Ha = 3: 44XI ^w = 3440nm 
(This wave l eng th corresponds to infra-red radiation. ) 
3-15 


\ Define rhe tero of energy such that the energy of two separated. Na and 
CL atoms vs Berd. The energy of Separated Nat 4 C27 is then U3eV 


(seckion 43-3). 


The energy of No! & (L7 at some Sinite separation © is just this energy 
gus the (Cuegative) coulomb potential energy due to the attractive coulomb 
Хоссе between the x and- charges: 
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43-15 Era» V 60xi07 43 е^ 
€ (Net ech) = tag Ee) - ae, e 


Sek XWs equal ko P. ne , nergy of Nath 


= 1.01 xi? "T: d = O. 
e* ° (д. кох)“ 4 
NL See = а -3\ St Ce |, ^ == AD 
v7 wee Tomo ой Nowe) шл “МНЕ w = Пин 


v) Lek He energy of Separated IK X Ве neutral atoms be zero: 


To form se parated АШ + Br Pepe energy Ч.Зе\/-3.5е\/ 20, 8e V 
(Exercise 43-4). 


Leoki 3 _ 
бле ү = Oger М“ тыг) = Lasoty 
Sek the energy + к" "m ak a Separation Y Mi to zero 
> UNES ар = 0 
Me 
S 60X10 -4 
Y = = \.%0 V VA 
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CHAPTER 44 
Exercises 15, 719, 13, 17 19,21 


Problems 45,44 


Exercises 
UL | 
A TE We gold nucleus is treated as a point charge, 
-A 44 | L 2,6* 
M. че, А. - UNE, —— 


+ = (alpha par ticle ) ; t, =19 (gold nucleus ) 
2. 
\ = \4.0х10% Nw c7) aM "I а = 3,64х107!* y 


Р Le V 
UL (3.64 x10 сте) = 1.28 xl07eV = 22.8 MeV 


v) K. x W. = Kç + Ug 


Kg = Ü 
algha particle Starts out far Away from the gold nucleus (==, Ur 7 0. 
~) 


Thus Ki = Ug = 3ЬЧХАЇ0 T = 24.3 MeV 
c) An alpha particle is a bare helium nucleus) with Lpvotons and Д neutrons. 
Tks mass is thus 4.00260 м -2 L0. 0006040) = Ч.0015 u= a oou (+009) 


YA = 6.6.5 х10 7" ka 
Leom Table uu - 1 Xo subtract 


XV€ mass of the two electrons 
in yhe neutral atom 


- 1 (2 ГА (3 eio m 
КА a Af pki = HBT = з, зі xlo ws 


Wiet. 
deuterium nucleus consists of | proton dvd | neutron 
ls magr 1s 
My 2. 01410 м - (M0. 000544 u) = 2.01 3255) (a neutral deuterium atom has 
one electron, whose mass must be subtracted to get the nuclear macs), 
Wy = V 008 665 u 
Mo = \.00727b6W 


Mass Aefe& therefore 15 Worm mz (-007276utl-008665u —1. 013551 u 


= 4.39 xi u 
luz 931.5 Ме\ = (2.349x10 30) (931,5 MeV:u-) = 2.23Me V 
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44-1 
a) The ч beta Ae cay reaction is 


54— 4 „№ +e” , where ет denotes an electron 


The "M atom Was one electron. The Me" atom has that Sawe electron, so 
iS А positive лом | and one electron (5 emitted from the nucleus. 


The MASS ot yhe neutral Ы" atom \s given iw ae problem as 3. Ol64U7u. 
The wass of е" же is rhe same as of the ш neutral atom. According 
Ay Table 44-2 this mass \s 3. 016030. 

Therefore ү (Ңң) > w Be ter), $0 B-Aecay T: energetically possible. 


Vy The mass defect Vs. 3.01647u —3.01603u = 4 4x107 tu 
The energy equivalent ` is (uxo tu) (931.5 MeV:u-!) = O4loMeV 


44-4 
0.643 

Niky = у (ер 44-5) 
_ vin dl 20493  . -10 a ТИ -18.- 
"a. aba" „аа EIS = 4,%8 Х107185-1 

Ж eee 

» activity = | curie > A = | G; = 3.70 xio!’ decays. s”! 
ON __ AN/at _ _3,10х10!° decays.s-! | 
uae oc ANN = - NM... YTPTTS RO = 71,59 xio*! nuclei 


N- EN | where m is the mass of the Sample and My 15 the mass of one 
uranium atom j My = 438u 


>m Nw, = (1.54 x10*7) (238)(1-661Xl07*7kg3) = 3,0010? 9 


N 
CQ ше еч rn per Second is AN) 


1x10" 3 4 | 
=\q = =!х!0 73 уед > N= s "Mu. = eli bb1 х\0 7771ка) = om 53 X 10° ! nuclei 


He Gen s" )(4.53xi0*!) = 123х101. 


moss ait ` 1 PEN. 
à Wr де — bi t,he 


There ave 5 electrons ow each side of the reaction, their mass will cance | 
Dut, 50 we can use neutral atom masses, 


a, 4 
A + yBe has mass 2.0\%\бук 44. 012140 = 1.02624 U 
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W4-13 (ому 5g 
ght + He has mass 71,01601 к + Ҷ.00 260и =I. 01% 6l u. 


The mass Aecrease is \l02619%uU- ll. 01461 = 0.0016%9u , 
This Corvespouds +o an ener gy release of (0.00769 u) (931.5 MeV-ur') = 7.1.5 MeV 


b) Estimate the threshold energy by calculating the coulomb potential energy 
when the proton is at the radius v of the 18e. 


\ \ À 
x =, К? => ye LAXI! m (4уз = 1.50х\07!5х $ Be wucleay radius) 


1 
\ Gq l aye” _ Е (4) (1.60 х107' c) 
\ = UNE, Ç Té, т = (10х10? v wc?) лоу = ТИЮ 


у, = (3.690775 z s) = 1.3 xl0*e V = A31MeV 


YY-\7 @ 
à) eq. (44-10) W= Tm 


К Aeukevon is a deuterium nucleus, and thus has mass 


-27 
A.Q WAS – 0.000S549QuU = 2. 013.55 ц = 2.01355 K еек) = 3.3% х10727 kg 
K ) 


буф, charge 4e. 


am (3.34x\o7*1k4) (10х10) _ 


V w 
0) = үу E= ат Verw = алге = ат (03am (10х10°Ңг) = 4.01107 s-' 


0.061, so non-relativistic expression for K will be ok. 
= mar? = %(3.34x10 ka) (2-01 107-57)“ = ç,15x10 $3 


K 
K leas onr Enz = 4.12 xl0°eV = 4.22 Me V 


44-14 
T — 2Y 
The vest mass energy of XWe T° is converted into the energy of the photons, 
WW YS 
Эн pex ex 
ee Ps 20 
initial aa) 
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qu-a (contd | 

The initial momentum of the (° at vest is zer. The momenta of the 
emitted photons must therefore be equal awd Opposite. pe for a photon, 
so Ме photons must have equal Wavelengths, and Yherefore equal frequencies 
And energies. 

The rest mass energy of the T? is 135.0 MeV (Table 44-3). The 
energy of each photon therefore is = (135.0 MeV) = 61.5 MeV. 

_ £ _ (61.5 xtoterv\ (кох) 


= \.63xlo7* He 


t- 
№ Ь.616х107 >t 5:5 
and $ “\ 
— $,00xl0"ws - Е 
t сз о на = 194x107 tm = L$uxI0" nm 


of Khe auavk Combinations are sums of the 
pee in the combination, 


=, 


Wu- LL 
The quantum numbers 
corresponding uantum numbers of Ahe individual 
«м quark quantum numbers are \isted in Table ц 
Q«(k&-pecse , B= St Fr el 


№ №5 
S= 0+0-1 =-1 , C= 04040 =0 
b) cS 
The quantum numbers of Хе 5 ave opposite in Sign ty those of the s. 
Q=(Sta)e =+e ‚ Be y+C 35) =0 
S= 0xV =\ у C=lto =\ 
AÀ Alu a =[у+3+(-%]е=0 , 8--5- 5-5--1 
ibd г eap 
А cv Q= (®х5)е=+е j 8-23-5-0 
S= 0 1 ¿=l 
Problems 


Y4-1.5 
or "C | Ky, = 5568 үс (Ç cow. the text, in the last paragraph of section 44-4 ) 


69 3 0.69 á к 
= е = гче = LAuxi07 yer! 
k N _ x+ 

N = N, e"> у w$^€ À 
) 


On Ar) =k = k=- YX l (Ky, 
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44-25 (cont) Nog 
For the speciman “No Ж. 
| 


ë Уу 2486 _ _ 2148 
> k= - УМ) = = ы АЧ Чук 7 67X10 tyr the age of the 
Speci man 
4y- 
HE ader 


К\ wass defect = MR — мр мт 
The masses are \isted in Table 44-3: 


wass detect = I5 MeV/c* -938.3 MeV/c? — | 34.6 MeV/c? = 37 MeV/c 
The energy equivalent of this mass defect a 


ppears as Kinetic energy 
of re products => K=37Mev 


b) Mc] of \inear momentum ° 


i, Ж. Pa- 


d E 
ë А, =0 «>= =i- 
Thus Mo Vp = Mn- ji 
(438.3 Ме\/с2) Vp = (134.6 MeV/c?) Vrt 


1, 
K= Tp Vp hb ee Var 


Work in mks units, +o be sure wot to get confused : 


K =(37x0%er) (L eo ео xt T) = sqaxiolts 


me = зка cct ks: u^!) = 1.673 х107%7 kg 


_ (134.6 MeV ал PF» " 
NIS “| азау ui ДЬ Kq.u7) = 2.481xl0 ^" kq 
Then we hove 


+ Q.e13x10 ^ wq) Ve x 5 (2.4% X10 


Wse Vnt = 6.74 Vp 


=> (8-365 x0 ^ kg) Vp x (чч xo Аа (6.74Vp)* = 5.92107! 7 
„15930297. a d. s 
Ne =| (u$ xpo. 7 303 KIO west 
Nnt = 67A Np = 6.12 (3.03x(9 ws = LOUKLO ws 


git 
Ke = (V e1xt97 * kg) ( 3.03XI0 ws") =7.67 xio T (13% of total) 


Mea) Vat = 5.42x1077* 7 
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а C cour) 
Kart = Y (angry 107** ka) (204x108 mes) = S. xl * T [875 of total) 


( Note: М/с = 0.68 | $0 use of the nonrelativistic momentum and kinetic 
energy expressions ls wok very accurate. ) 
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* EXAMPLES AND SOLUTIONS contains numerous worked out problems 
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* Additional problem solving techniques and strategies appear in the EXAMPLES 
AND SOLUTIONS sections, interspersed with the solutions 
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series computers. 
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